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Description 

Enkephalin is a natural opiate receptor agonist and is believed to be a mixture of two pentapeptides: H- 
Tyr-Gly-GIy-Phe-Met-OH (methionine-enkephalin), and H-Tyr-Gly-Gly-Phe-Leu-OH (leucine-enkephalin). 
5 Hereinafter, the name enkephalin is used generically to embrace all such compounds. 

It has been reported by Beluzzi et al., Nature, 260, 625 (1976), that when enkephalin is injected into the 
brain ventricle of rats, a profound analgesia is obtained. It Is also known in the art that enkephaiin'is acted 
upon by a group of enzymes known genericaliy as enkephalinases, which are also naturally occurring and 
is inactivated thereby. The present invention is aimed at providing compounds capable of inhibiting the 
to action of enkephalinases. 

European Patent Applications Nos. 81102770.5, 82108858.0, and 82402314.7 (publication Nos. 38046, 
75334 and 820088, respectively) disclose certain compounds which are described as possessing 
enkephaiinase-inhibiting activity. 

The present invention provides compounds having the general formula 

is 

O 

W — P — X — Y — Z — COR 2 

I 

20 OR 1 



wherein R 1 is hydrogen, alkyl having from 1 to 6 carbon atoms, 
in which 

A is hydrogen, halogen, hydroxy, nitro, trifluoro methyl, alkoxy having from 1 to 6 carbon atoms, alkyl 
30 having from 1 to 6 carbon atoms, 2- or 3- thienyl or phenyl which may be substituted with halogen, 
hydroxy, nitro, trifluoro methyl, alkoxy having from 1 to 6 carbon atoms, or alkyl having from 1 to 6 carbon 
atoms; 

W is R 1 or OR 1 wherein R 1 is as defined above; 
X is — (CH a ) p — CHR 3 — or — CHR 3 — (CH 2 ) P — wherein 
35 pis0or1,and 

R 3 is 2- or 3-thienylrnethyt, 3-indolylmethyl, alkyl having from 1 to 6 carbon atoms, cycioalkyl having 
from 3 to 7 carbon atoms, cycioalkylmethyl having from 4 to 8 carbon atoms, 

"0-. „ . 

in which A is as defined above, 
46 OOOO 

I II 1 0 

Y is — NHC—, — CNH — , — NHCNH— , or — NHC— O— 

2 is o-, m- or p-phenylene, _{CHR*) r — [wherein r is 1,2,3, or 4 and R 4 is independently chosen from 
so hydrogen, alkyl having from 1 to 6 carbon atoms, hydroxy, alkoxy having from 1 to 6 carbon atoms, 
cycioalkyl having from 3 to 7 carbon atoms, cycioaJkylmethyi having from 4 to 8 carbon atoms, 3- 
indolylmethyf, hydroxymethyl, 2^methyithio)ethyl, 



55 




A 



in which A is as defined above] or -8q-B'-B"- [wherein q is 0 or 1, one of the groups, B, B' or B" is 



so 




H 

65 



2 
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in which A is as defined above and the remaining B, B' and/or B" is — CH 2 — ], 
[with the following provisos: 
when W is OR 1 and Y is.— NHCO— , r may not be 1; 

. 0 

I 

when Y is — CNH— r cannot be 1; 
0 



JO 



is 



when Y is — NHC — z may also be — CR*-CR b — 

wherein R" and R b may be the same or different and are chosen from hydrogen, alkyl having from 1 to 6 
carbon atoms f cycioalkyl having from 3 to 7 carbon atoms, cycloaikyimethyl having from 4 to 8 carbon 
atoms, 3-indoiyimethyl, hydroxyrnethyl, 2-{methylthio)ethyl, or together with the carbon atoms to which 
they are attached form a cycioalkenylene ring having from 5 to 8 carbon atoms; 
R 2 is hydroxy, aikoxy having from 1 to 6 carbon atoms. 



2Q [wherein s is 0, 1, 2, or 3] 



— O— {CR 5 R 6 )OCR 7 

25 [wherein R 5 and R* may be the same or different and are hydrogen or alkyl having from 1 to 6 carbon 
atoms, and R 7 is 



-CH. 




30 or alkyl having from 1 to 6 carbon atoms], 

0 

-A' 



-0CH 2 C 



35 



40 



46 



SO 



SS 



-o(CH 2 ) t o-Q^ 



-0-CH,-CH-CH-0H , -0CH,-CH-CH, 

OH (i_j3 

CH^CH 3 



[wherein t is 1 or 21, 



[wherein u is 1 or 21, 



or NR fl R a wherein R a is 




R 9 Is hydrogen or alkyl having from 1 to 6 carbon atoms, and wherein A in the groups defined for R 2 is as 
defined above; 

or a pharmaceuticaily acceptable salt thereof, in non-solvated form or a solvate thereof with a 
pharmaceuticafly acceptable solvent. 
so As used herein, unless stated otherwise, the terms alkyl and aikoxy denote such groups having straight 
or branched carbon chains of from 1 to 6 carbon atoms. 
Halogen includes flourine, chlorine,. bromine and iodine- 
Preferred values for the ebove defined groups are: 
R 1 is hydrogen, methyl, ethyl, phenyl or benzyl; 
65 R a is hydroxy, methoxy, ethoxy, phenoxyethyloxy, pivaloyloxymethyloxy, 
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— OCH 2 CHCH 2 OH or — O— CH 2 — CH— CH 2 ; 
OH 0 0 

5 CH 2 CH 3 

W is hydroxy, ethoxy, methyl, or benzyl; . 

A 1 



to 



Xis 




wherein A 1 is hydrogen, phenyl, fluorine, chlorine or trifluoromethyl; 
75 y is as defined above; 

2 is p-phenylene, or — CH 2 CHR 41 — , wherein R 41 is hydrogen, hydroxy, methoxy, methyl or benzyl 
. A is phenyl, hydrogen, fluorine or chlorine. 
The most preferred values for such groups are: 
R 1 is hydrogen; 
20 R 2 is hydroxy, methoxy, ethoxy, phenoxyethyloxy, 

— OCH 2 CHCH 2 OH or — OCH 2 — CH — CH 2 ; 
I 



25 



30 



35 



OH 00 
CH, CH 3 



W is hydroxy; 

X is 



wherein A 1 is as defined above; 




Y is —CNH— ; and 

40 Z is p-Dhenylene or — CH 2 CHR 41 — , wherein R 41 is as defined above. 

Examples of preferred compounds having structural formula I are: 
N-[1-oxo-3-phenyl-2-<phosphohomethyl)propyll-p-alanine 
N-[1-oxo-3-phenyl-2-(phosphonomethyl)propYlI-P-aianine ethyl ester 
N-(3-(1,r-biphenyi-4-yl)-1-oxo-2-<phosphonomethYi)propyll-P-alanine 

45 N-{3-{4-chloro)phenyI-1-oxo-2-{phosphonomethYl)propyl]-g-alanine 

N-{3-{4-chIoro)phenyl-1-oxo-2-(phosphonomethYl)propYii-P-alanine ethyl ester 
N-[3-(4-fluoro)phenyl-1-oxo-2-{phosphonomethyl)propyll-P-alanine 
3-[3-(l,V-biphenyl^yl^lK)XO-2Mphosphonomethyl)propyi]amino-2-methYlpropanoic acid 
3-[1-oxo-3-phenyl-2-<phosphonomethyl)propyl]amino-2-methYipropanoic acid 

so 3-(3^4^loro)phenyl-lK3xo-2-(phosphonomethyl)propyl]amino-2-methYlpropanoicacid 

3- [3-{4-fluoro)phenyl-1-oxo-2-{phosphonomethyl)propylJamino-2-methylpropanoic acid 

4- [1-oxo-3-phenyi-2-(phosphonomethyl)propyi]aminobutanoic acid 
4-[1-oxo-3-phenyl-2Hphosphonomethyl)propyl]aminobenzoic acid 
N-{1-oxo-3-phenYl^phosphonopropyl-p-aianine 

MS 3-oxo-3-[2-phenyi-1-<phosphonomethYl)ethyl]aminopropanoic acid 

4^xc-^2-pherr^-Hphosphonomethy0eth^]aminobutanoic acid 
4^xo^2-pherr/M^phosphonomethyO^ 

4^xo^[2-phenyi-1-(phoaphonomethyl)ethyl]amino-E-2-butenoic acid 
4-f2^1,1'-biphenyi^ylM.{phosphonometh^}ethyl]aminc-4^oxobutanoic acid 

60 4-[2-<4-fiuoro)phenylM-(phosphonomethyl)ethYl)amino-4-oxobutanoicacid 
N-[2-phenyl-1-(phosphonomethyi)etrTyiaminocarbonyl]gfYcine 
N-[2-phenyl-1-{phosphonornethyl)ethylaminocarbonYl]aianine 
N-[2-phenyl-1-(phosphonomethYl)ethyiaminocarbonylj-(5-aianine 
N-[2-phenYl-1-{phosphonomethyl)ethYiaminocarbonyl]phenyialanine 

65 ^-[2-phenyl-l-(phosphonomethyi)ethylaminocarbonyl|aminobenzoic acid 
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2-[2-phenyi-Mphosphonomethyl)ethYHaminocarbonyloxyaceticacid 

2- {2-ptienYl-1-(phosphonomethyI)ethyllaminocarbonyiaxypropanoicacid 

3- [2-phenyM-(phosphonomethyi)ethyl|aminocarbonyloxypropanoicacid 

4- [[2-phenyl-1-{phosphonomethyi)ethyl]aminocarbonY!]ben2oic add 
3-[[2-phenyl-1.(phosphonomethyi)ethyi[aminocarbonyi]ben2oicacid 

2- [[2-phenyl-1.(phosphonomethyi)ethyl[aminocarbonyl]ben2oic add 
N-[2-{Butylhydroxyphosphinyl)methyl-l-oxo-3-phenylpropyi-3-alanine 
N-[2-{ButylhydroxyphosphinyI)methyi-1-oxo-3-phenylpropyl-0-alanine ethyl ester 
N-(1-Oxo-2-phosphonomethyl-3-(2-thienyl)propyl]-P-alanine 
N-{1-Oxo-2-phosphonomethYi-3-(3-thienyi)propylI-P-aianine 
N-[3-(3-indolyl)->oxo-2-(phosphonomethyi)propyl]-(3-aianine 
N-{1-Oxo-2-(phosphonomethyl)hexyl]-3-alanine 
N-j3-Cydohexyl-1-oxo-2-{phosphonomethyl)propyi]-p-alanine 
N-{2-Cydohexyl-1-oxo-2-{phosphonomethyi)ethyl]-0-alanine 
N-[2-(^-Chioro)phenyl-1-pxo-2-(phosphonomethyl)ethyll-3"aianine 

3- {1-Oxo-3-phenyl-2-{phosphonomethYi)propyi]amino-2-hydroxypropanoic add 

3- [1-Oxo-3-phenyl-2-(phosphonofTiethyllpropyiJamino-2-methoxypropanoicadd 
N-[1-Oxo-3-phenyl-2-{phosphonomethyi)propyl]-0-aianine piva I oyloxy methyl ester 
N-[1-Oxo-3-phenyl-2-(phosphonomethyl)propyl]-p-alanine 2-phenoxyethYl ester 
N-[1-Oxo-3-phenyl-2-<phosphonomethyi)propyl)-p-alanine 4-bromophenacyl ester 
N-{1-Oxo-3-phenyl-a-(phqsphonomethyi)propyl]-P-alanine2 r 3-dihydroxYpropyl ester 
N-[1-Oxo-3-phenyl-2-{phosphonomethyl)propyl]-p-alanine 2-naphthyloxyethyl ester 
N-[1-Oxo-3-phenYl-2-{phosphonomethyl)propylj-(3-alanine phthaiidyl ester 
N-[1-Oxo-3-phenyl-2-(phosphonomethyl)propyl]-p-aianine 2*methyiphenylamide 
N-[1-Oxo-3-phenyl-2-<phosphonomethyi)propylj-p-alanine2 f 3-isopropylideneglycerol ester 

4- [1-Oxo-3-phenyl-2-(phosphonomethyl)propyl]arninoben2oic add ethyl ester 
N-[1^xo-2-phosphonomethyl-3-{4-trifluoromethYl)phenylpropyi]-0-al8nine 
N-{1-Oxo-2-phosphonomethyi-3-{4-trifluoromethYnphenylpropyl]-P-alanine ethyi ester 
N-{2-{n-ButaxyhydroxYphosphinyl)methYi-l-oxo-3-phenylpropyll-P-alanine ethyl ester 
3-t1-Oxo-3-phenyl-2-(phosphonomethyl)propYl]amino-2-hYdroxyrnethylpropanoic add 
3-[1-Oxo-3-phenyl-2-(phosphonomethYl)propyl]amino-2-cydopropanoicadd 
3-[1-Oxo-3-phenYl-2-(phosphonomethy!)propY^ 

3-[1-Oxo-3-phenyl-2^phosphonomethyI)propYl]amino-2^3-indo(y()methylpropanoic add 
3-il-Oxo-3-phenyl-2^phosphonomethyl)propyl]amino-2^2-methy*thio)ethylpropanoic add 
3-[1-Oxo-3-phenyI-2-{phosphonomethyl)propyllamino-2-phenylpropanoicadd 
3-{1^xo-3-phenyl-2^phosphonomethyl)propyljamino-2-i4-chloro)phenylpropanoic add 
3-[1<)xo-3-phenyl-2-<phosphonomethyl)propYl]amino-2-(phenyl)methylpropanoic add 
3-[1-Oxo-3-phenyi-2-(phosphonomethYl)propyl]amino-2-{(4^hloro)phenyl)methylpropanoic add 
N-{2-(Benzylhydroxyphosphinyl)methyl-1-oxo-3-phenylpropyl-p-alanine 
N-{2-(BenzYlhydroxYphosphinyl)methyl-1-oxo-3-phenylpropyl]-P-elanine ethyl ester 
Hl-Oxo-3-phenyl-2-{phosphonomethyl)propyi]amino 

add 

H2-{1<)xo-3-phenYl-2-(phosphonomethy0propyl]am!nole^ 

add 

2-{1^xo-3-phenyl-2^phosphonomethYi)propyl]aminomethyl-3-phenyi-2-2-propenpic add 

2- {2-[1^xo-3-phenYl-2-(phosphonomethyl)propYi]amino]ethyl-3-phenyl-Z-2-propenoicadd 

3- {1H-Benzimida2ol-2-yl)-2-{1^xo-3-phenYl-2-{phosphonomethyi)propyIlaminomethy^ propanoic add 
2-(1H-Ben2imida2ol-2-yl)^[l^xo-3-phenyl-24phosphonomethYl)propyl]amino butanoicadd 
Certain compounds having formula I may contain -f-CHR"-)r moieties wherein the R* group may be 

chosen independently from those listed above. 

For example, when r equals 3 the substitution may be arranged as foilows: 

R* R 4 * R4 R« R 4 R* R* R4 FU R4 R4 

i • ; it I ! ! M ; : 

-CH 2 CH t CH-;^H 2 CH-CH 2 -; -CHCHCH,-; — CH — CH — CH — ; -CH 2 CHCH-; or -CH-CH 2 CH- 

in which, when two or more R 4 substituents are present they may be the same or different; for instance 
groupings such as 

CH 3 CH 3 CH 3 CH 3 CH 3 CH 3 CH 3 CH^H, 

■ i II ill II 

— CH 2 CH 2 CH— ,— CH 2 CH 2 CH CH,— ,— CH— CH— CH a — , — CH — CH — CH — , — CH 2 CH CH— , 



10 



15 



20 



25 



30 



35 



45 



50 
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SO 



C,H 5 

CH 3 

t 

— CHCHCH 2 — 
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C3H7 C^Hs i-C,H T CH 3 

II I I 

or — CH — CH 2 — CH — . 



Compounds having structural formula I wherein R a is hydroxy, form salts with pharmaceutical^ 
acceptable bases. Sodium, potassium and calcium hydroxide as well as sodium and potassium carbonate 
are examples of suitable bases for this purpose. In addition, salts formed with pharmaceutical^ acceptable 
amines such as for example ammonia, N-methylglucamine, ethanolamine, diethanoiamine, lysine and 
arginine are also contemplated. 

Certain of the enkephalinase inhibiting compounds of the invention form solvates with, for example, 
pharmaceutically acceptable solvents such as water and ethyl alcohol. 

In formula I, certain atoms may be asymmetric (chiral) centers. Such centers will be readily apparent to 
those skilled in the art. The present invention contemplates all isomers at these centers both in 
stereochemically pure form and in admixture. 

The compounds having structural formula I and their pharmaceutically acceptable salts inhibit the 
activity of enzymes designated enkephalinases. The compounds are particularly useful for the inhibition of 
enkephalinase A. in in vitro tests, selected compounds having structural formula I in a concentration range 
from 10" 10 to 10~ 6 M have been found to inhibit the activity of the aforementioned enzyme by 50% or more. 

The present invention thus includes within its scope pharmaceutical compositions containing an 
enkephalinase-inhibiting effective amount of a compound of formula I, or a pharmaceutically acceptable 
salt thereof, together with a pharmaceutically acceptable carrier or excipient Such pharmaceutical 
composition may be made up in dosage forms known in the art such as tablets, capsules or elexirs for oral 
administration, or in sterile solutions or suspensions for parenteral or transdermal administration. 

Typically a compound of formula I or pharmaceutically acceptable salt thereof will demonstrate an 
enkephalinase inhibiting effect when administered in a preferred dosage range from about 0.01 to about 
100 mg/kg body weight The dosages are to be administered at intervals of from 3 to 8 hours. However, the 
quantity and frequency of dosage will depend upon such factors as the severity of the pain, the general 
physical condition of the patient and other factors which a physician will recognise. 

The compounds of formula I, their salts, and solvates thereof, can be prepared by a process 
characterized in that 

A) to produce a compound of formula I in which Y is 

O 
II 

— CNH— , 



a compound of formula XX is condensed with a compound of formula XXI 
40 O 0 

W— P— X— COOH + NH 2 — Z — COR 2 — ► W — P — X — CONH — 2 — COR 2 

I I 
OR 1 OR 1 

XX XXI 

B) to produce a compound of formula I in which Y is 

0 

n 

— NHC — NH 

a compound of formula XXII is reacted with a compound of formula XXIII 

0 0 0 

I! 0 fl 

W— P— X— NCO + NHa — Z — COR 2 W — P — X — NH CNH — Z — COR 2 



OR 1 



XXII 



I 

OR 1 



XXIII 



C) to produce a compound of formula I in which Y is 

0 



65 



— NHCO— , 



6 



TO 



IS 
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30 
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a compound of formula XXIV is reacted with a compound of formula XXV 

0 0 0 

» II o 

5 W-P-X— NCO + HO — 2 — COR 2 — ► w — P — X — N CO-Z-COR 3 

1 . | 
OR' OR 1 

XXIV XXV 

D) to produce a compound of formula I in which Y is 

0 

II 

— NHC — , 



a compound of formula XXVI is reacted with a compound of formula XXVII 

? 0 0 

11 II D 

20 . W-P-X— NH 2 + H0 2 C-Z-C0R 2 - w — P — X — NH C-Z-COR 2 



OR 1 



XXVI XXVII 



I 

OR 



E) to produce a compound of formula I in which at least one of W, OR 1 and R 2 is hydroxy, a compound 
having the formula XXVIII 



W — P — X — Y — Z — COR 2 ' 



xxviu 



I 

OR" 

in which 

35 W' is R 1 as defined above or is an esterified hydroxy group which may be the group OR 1 , 

OR'* ?s hydroxy or an esterified hydroxy group which may be the group OR 1 , 
R 2 ' is hydroxy, — NR a R fl as defined above or an esterified hydroxy group which may be an esterified 
hydroxy.group as defined for R a above, 

at least one of W\ OR" and R 2 * being an esterified hdyroxy group, is subjected to a de-esterification 
40 reaction whereby at least one esterified hydroxy group W, OR" or OR 2 , (and essentially and esterified 

hydroxy group not being as defined by W f OR' or R a above, is converted tp hydroxy, so as to produce a 

compound of formula I, in which at least one of W, OR 1 and R 2 is hydroxy; 

F) to produce a compound of formula I in whicn at least one of W, OR 1 and R 2 is an esterified hydroxy 

group, a compound of formula I as defined above, in which at least one of the group W, 0R ! and R 2 is a 
45 hydroxy group, is subjected to an esterifi cation reaction whereby at least one such group is converted to an 

esterified hydroxy group as defined by W, OR 1 or R J respectively above, 

wherein in the above process A to F W, X, Y, Z, R' and R 2 are as defined in above and any functional groups 
are protected if necessary or desired, said process A, B, C, D, E or F being followed by removal of any 
protecting groups, if necessary or desired, from the resulting compound of formula I, and isolation of the 
so compound of formula I as such or as a pharmaceutical^ acceptable salt, in non-solvated form or as a 
solvate with a pharmaceutically acceptable solvent 

Processes A and D will generally be carried out by reacting compound XX with compound XXI, and 
compound XXVI with compound XXVI! respectively, using standard, art recognized coupling methods. 
Coupling procedures have been reviewed in, for example, 'The Peptides: Analysis Synthesis Biology", 
55 Vol. 1 (Major Methods of Peptide Bond Formation), E. Gross and J. Meienhoffer eds. Academic Press 1979. 

For example the condensation may be carried out in a suitable solvent for example and aprotic solvent 
e.g. N,N-dimethyiformamide preferably under an inert atmosphere using a condensing agent such as 
dicyclohexyicarbodiimide or diphenylphosphenyl azid*. 

Processes B and C will generally be carried out by contacting compound XXII with compound XXIII, 
so and compound XXIV with compound XXV respectively, in a non-reactive solvent, for example 
di ch I oro methane or ethyl acetate at a temperature ranging from ambient to reflux temperature. 

The de-esterificatlon procedures (process E) can be camec out according to art recognized procedures 
to effect preferential and/or sequential removal of ester jrouos so as to permit partial or complete ester 
hydrolysis. Preferably the de-esterification will be carriea cut on an ester compound as defined by formula I 
55 above. 
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The preferential removal of ester groups are illustrated in the following diagram for the compound of 
formula i shown, in which' r^H? indicates the benzyl group. The skilled man will appreciate procedures 
illustrated and other art recognized procedures can be used to effect de-esterification of other ester 
derivatives of compounds of formula I 

(C 2 H 5 0) 2 PCH 2 CHCONH(CH 2 ) 2 C0 2 C 7 H T XXX 
Hj/Pd/C 

II I 

(CaHgOJaPCHaC HCONH(CH 2 ) 2 C0 2 H XXXI 

In this procedure compound XXX is subjected to catalytic reduction using a palladium on carbon 
catalyst in the presence of hydrogen under pressure using a suitable solvent e.g. ethanol. 

20 XXX 

NaOH, KF 
dioxane 
18-Crown-6 

25 0 C 7 H 7 

II I 

(CaHgOPCHa CHCONH(CH 2 ) a C0 2 H 

r 

OH XXXll 

30 

In this reaction the compound XXX is contacted with potasium flouride and 18-crown-6 in the presence 
of dioxane and with the addition of sodium hydroxide. The reaction is generally carried out at elevated 
temperature e.g. at reflux 

XXX 
i HBr/CH 3 C0 2 H 

0 C r H 7 

n I 

(HO) a PCH 2 CHCONH(CH 2 ) 2 C0 2 H XXXIII 

In this reaction the ester XXX may be treated with hydrogen bromide in acetic acid r generally under an 
inert atmosphere, at ambient temperature. 

XXX 

1 

0 C 7 H T 

|| | XXXIV 
(OH) 3 PCH 2 CHCONHfCH^COjCrHr 
This de-esterification may be carried out by treating the compound XXX with bromotrimethyisilane. 
The reaction will generally be carried out under an inert atmosphere at ambient temperature. 

Esterification of compounds of formula I in which W, OR 1 and/or R 2 are hydroxy can also be carried out 
ss using readily available art recognised methods, for example by converting the respective hydroxy group to 
an activated ester group e.g. a chloride, at elevated temperature, followed by reaction of the resulting 
compound in the presence of an organic base, with an alcohol R'OH or R 2 H, so as to give the desired ester. 

Salts of compounds of formula I may be formed by conventional means, such as by reacting the free 
acid orfree base forms of a compound of formula I with one or more equivalents of the appropriate base or 
so acid in 8 solvent or medium in which the salt is insoluble, or by exchanging the cations of an existing salt 
for another cation on a suitable ion exchange resin. 

A compound of formula XX in which, moiety X, p is 0 may be prepared for example, by reacting a 
compound having structural formula II* with a compound having structural formula ill to produce a 
compound having the structural formula IV. This reaction proceeds efficiently in the presence of a base 
55 such as, for example, a metal aikoxide, or sodium hydride. 
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0 0 

a ii 

W— P — H + L — CHR 3 C0 2 R -» W — P — CHR 3 C0,R 

1 I 
OR 1 OR 1 

II III IV 

In the above formulas W, R 1 and R 3 have the meanings as herein defined, R may be any convenient 
alkyl group or a functionally equivalent group such as a benzyl group and L is a suitable group, leaving 
under the conditions of the reaction. Useful leaving groups are for example, halogen such as bromine or 
iodine and sulfonic acid ester groups such as p-toiuenesuifonyloxy and trifluoromethylsulfonyloxy. The 
product of this reaction, compound IV, may be converted to its corresponding free carboxylic acid (R=H) by 
any of a variety of methods known to those skilled in the art which differentiate between types of esters. For 
example, when R is benzyl and R 1 is ethyl, R can be removed selectively catalytic hydrogenatibn. . 

Compounds of formula XX in which, in moiety X, p is T may be prepared by reacting a compound 
having structural formula II with a 2- or 3-substituted acrylic add derivative, respectively compound VI or 
VII, 

0 0 

II • II 

W— Pt-H + CH 2 =CR 3 C0 2 R -> W— P— CH 2 CHR 3 C0 2 R 

1 I 
OR 1 OR 1 

II V! VIII 

O 

0 

II + CHR 3 =CHC0 2 R - W— P— CHR 3 CH 2 C0 2 R 

I 

OR 1 

VII IX 

to produce the corresponding compounds respectively VIII or IX. The substituents W, R\ R 3 and R are as 
previously defined. For example, when W=OEt. R'=Et and R=R 3 = benzyl this reaction may be carried out 
by use of sodium hydride in toluene at ambient or reflux temperature. The products VIII or IX may then be 
converted to the free carboxylic acids (R=H) by, for example, the procedures mentioned above. In an 
alternate method, a substituted propionic acid derivative XI or XII, 

L — CH 2 CHR 3 C0 2 R L—-CHR 3 CH 2 C0 2 R 
XI XII 

45 ^ ^ ° ond . ensed witn 11 to Produce, respectively, compound VIII or IX. Substituents L, R 3 and R are as 

defined hereinabove. This reaction may be carried out in substantially the same manner as described 

above for the reaction of compounds II and III. 

Alternate processes for the synthesis of compounds IV, VIII and IX have been described in, for example 

Houben-Weyl s Methoden der Organischen Chemie, Vol. XII, part I (1963), and part II (1964). 
50 Compound XXII may be prepared from the corresponding compound IV or VIII when R is H by, for 

example, the Curtfus or Lossen rearrangement of the corresponding IVa, IVb and Villa or Vllb, rspectively. 
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xxn 



X = CHR 3 , IVb; X»CH 2 CHR 3 , VIII 5 



Generally the Curtius rearrangement may be carried out by heating the acylazide IVa or Villa in a non- 
reactive solvent for example benzene or toluene; the heating will usually be carried out until nitrogen 
evolution ceases. The rearrangement and reaction conditions therefor are described in "The Chemistry of 
the Azido Group" S. Patai, ed., pp 397—405, Wiley-lnterscience, New York, 1971. 

The Lossen rearrangement can be carried' out according to process conditions described in e.g. 
"Chemical Reviews", Voi. 58, p. 374 FF. (1958) and the various references cited therein. 

The conversion of compounds IV and VIII into IVa or Villa and IVb or Vlllb can be accomplished by a 
variety of methods known to those of ordinary skill in the art Some of these are described in, for example 
the multi-volume series "Reagents for Organic Synthesis" originated by Fieser and Fieser. 

Compounds XXVI may be prepared by hydrolysing the correspondingly substituted compound having 
structural formula XXII. Such hydrolysis may be accomplished by treatment of compound XXII with a dilute 
aqueous acid, e.g. aqueous HCI. The compounds having structural formula XXVII are either known in the 
art or preparable by known procedures. 

AH possible isomeric forms and mixtures thereof of the above described reactants and products are 
contemplated. For example, the cis and trans isomers of compound VII are intended to be included, as are 
the possible cis and trans isomers of compounds wherein 2 is defined as — CR'=CR b — . 

One of ordinary skill in the art will appreciate that not ail of the compounds of this invention may be 
readily prepared by any one process. However, it will be apparent that by selecting a particular process 
from those set forth above, all of the compounds of this invention may be prepared. Further, a number of 
the intermediates for preparing the compounds of this invention are commercially available orthey may be 
readily prepared by art recognized methods, or by the method of the present invention described herein. 
Intermediates for preparing the compounds of this invention are described or the preparation thereof is 
embodied in the following publications: 

a. Reaction of trialkylphosphites with a,g-unsatu rated acids, Izv. Akad. Nauk S.S.S.R, Ser. Khim. f 1259 
(1971); 

b. Reaction of trialkylphosphites with a,0-unsaturated esters. Bull. Chem. Soc Japan, 54, 303 (1981 ), 
Chem. Letters, 1265 (1981); 

c. Reaction of metal (sodium) dialkylphosphonates with a,3-unsaturated esters, J. Org. Chem., 37, 
4396 (1972); 

d. Reaction of phosphinate compounds with an a,3-unsaturated acid chloride, Zh. Obshch. Khim., 40, 
(9), 1995 (1976); 

e. Preparation of phosphonite half esters, Chem. 3er., 93, 1220 (1980); 

f. Hydrolysis of phosphonate esters, Synthesis, 409, 412 (1982); 

g. Curtius rearrangement of acyi azides, Int J. Peptide Protein Res., 27, 258 (1983); 

h. Cleavage of alkyl phosphonate esters using bromotrimethylsilane, J. Chem. Soc Chem. Commun. 
739 (1979). 
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Example 1 

N-{(R,S)-2-(Diethoxyphosphinyl)methYl-1-oxo-3-phenyipropyl]-p-alanine benzyl ester 

A. 2-Benzylacrylic acid benzyl ester 

To a cooled solution (ice bath) of 2-benzyl-acrylic acid (24.0 g, 0.148 mole) in 200 ml benzyl alcohol 
under an inert atmosphere add dropwise 25 ml (0.343 mol) of thionyi chloride. After stirring for 15 minutes 
in the ice bath, heat the reaction mixture at 60— 70°C. for five hours. Remove excess thionyi chloride under 
vacuum and distill the residue under reduced pressure: yield 22.0 g (59%). b.p. 130— 135*0 [0.35 mbar (0.26 
mm Hg)]. PMR (CDI 3 , ppm relative to IMS internal standard): 3.53 (s, 2H); 5.14 (s, 2H); 5.47 (broad s, 1H); 
6.27 (broad s, 1H); 7.25 (broad s, 5H); 7.32 (broad s, 5H). IR 1715 cm* 1 . Mass Spectrum m/e 252 (M~). 



B. Benzyl (R r S)-2-{Diethoxyphosphinyl)methyl-3-phenylpropanoate 

In a 500 ml 3 neck round bottomed flask fitted with additional funnel and N 2 inlet place 0.20 g of 50% 
NaH in mineral oil (0.10 g, net 4.16 mmoll which then wash with 3 volumes (20 ml) of hexane. Introduce 
200 ml toluene, then, dropwise, 12.1 ml of diethyl phosphite (13.0 g. 94.2 mmol). Stir for 30 minutes, then 
is add dropwise 21.5 g (113 mmol) 2-benzylacrylic acid benzyl ester. Stir the reaction at ambient temperature 
for 45 minutes. Quench the reaction by adding 5.0 ml acetic acid, filter and concentrate to obtain 31.9 g of a 

syrup. . 

Conduct thin layer chromatography on silica gel using 60% ethyl acetate in hexane whereupon a single 
compound is indicated having R f 0.3. IR (FT, Nujol (Trade Mark) mull, cm' 1 ): 1740 (s), 160C > (w), 1250 _(s), 
20 1060 (s), 1030 (s). PMR (CDCl 3 , ppm relative to TMS internal standard): 1.26 (doublet of t, 6H, J„. H -7.5Hz, 
J„ „=7.5Hz, J H p =2Hz); 5.08 (s. 2H); 7.0—7.5 (m f 10H). 13 CMR (CDCI„ ppm relative to TMS Internal standard) 
1636 (CH 3 , jL=6.21H Z ); 27.20 (PCH„ J..-142.3HZ); 39.55 (CH, J pcc =13.10Hz); 42.04 (CH,Ar. 
J pccc =3.67Hz); 64.08 <CH 2 , J^^Hz); 66.61 <OCH 2 );. 166.8 (COO); 174.0 (CON, J poec =6.9Hz). Mass 
Spectrum: m/e 390 (M+). 

C. (R,S)-2-{DiethoxyphosphinYi)methyl)-3-phenylpropanoic acid , 

Using a Parr Hydrogenation apparatus, hydrogenate 29.9 g (76.7 mmol) of the benzyl estBr prepared in 
part B above, dissolved in 150 mi of methanol using 3.8 g of 10% Pd on carbon and a 3.45 bar pressure of 
hydrogen for 2.5 hours. Filter the catalyst through diatomaceous earth such as Celite (Trade Ma™), and 

30 evaporate the solvent to obtain 23.3 g of an oil. IR (FR, Nujol mull, cm' 1 ): 2900-2050 <m), J735 <^ 1200 
1050 (s). PMR (D s -DMSO, ppm relative to TMS Internal standard): 1.21 (t, 6H, J H . H =7.5Hz); 1.4^2.15 (M, 
3H); 2.83 <rn, 2H); 3.92 <m, 4H, J h ,h»7.5H 2 , J h .p=2Hz); 7.20 (broad s, 5H). 13 CMR (CDCI* ppm relative to TMS 
Internal standard): 16.26 (CH 3 , J eeop -5.98Hz); 26.55 (PCH 2 , J pc =142.4Hz); 39.13 CH,J^«13.95Hz); 41 67 
(CH 2 Ar, J pccc =3.61Hz); 62.22 (CH 2 0, J ocp =6.56Hz); 126.7, 128.5, 129.2, 131.0 (Ar); 177 (CO, J pccc =6.12Hz). 

35 Mass Spectrum: m/e 300 (M+). 

D. N-[(R,S)-2-(diethoxyphosphinyl)methyU1-oxo-3-phenylpropyI]-3-alanine benzyl Ester 

To a mixture of 3.00 g (10.0 mmol) (R r S)-2-(diethoxyphosphinyimethyl)-3-phenylpropanoic acid^-SI g 
(10.0 mmol) 3-alanine benzyl ester <p-tosylate salt), 3.06 g (20.0 mmol) 1-hydroxybenzotnazole (HOBT), and 
1.39 ml (1.01 g, 10.0 mmol) triethylamine (Et 3 N) in 50 ml of N,N-dimethylformamide (DMF), under an inert 
atmosphere and cooled with an ice water bath, add 1.92 g (10.0 mmol) H3.dimethylaminopropyl)-3-ethyl- 
carbodiimide hydrochloride (EDC1) and 1.39 ml triethylamine. Allow the reaction to warm up to room 
temperature and stir for 16 hours. After dilution with 100 ml ethyl acetate (EtOAc) wash the mixture in 
succession with saturated NaHCO, (50 ml), IN citric acid (50 ml), saturated NaHCO, (50 mi), saturated NaCl 
(50 mi) and dry the organic solution with MgSO*. Evaporate the solvent to obtain an oil, which punfy Dy 
flash chromatography [J. Org. Chem. 43, 2923 (1978)] on SiO, (4% CH 3 OH in CHCIJ to yield 2.4 Qofo^ 
product (52%). Analysis for CMH^NOeP: 61.63% C; 6.81% H; 2.84% N (calculated 62.46% C; 6.77 /o H; 



3.04% N). 



50 Example 2 

N.[(R,S)-1-Oxo-3.phenyl-2-(phosphonomethyl)propyi]-0-aianine . 

Add a solution (20 ml) of 33% HBr in acetic acid (HOAc) to 1.3 g (2.8 mmoles) of N-K^' 2 ^ 1 !^ 0 ^ 
phosphinyl).methyM-oxo-3-phenylpropyi]-p-alanine benzyl ester, under a nitrogen atmosphere, 5Ur tne 
resulting solution at room temperature for 16 hours. Evaporate the solvent, and excessHBr ^noer reau cea 
pressure, then triturate with ether to afford a yellow solid. Recrystallize from water to obtain ^0.66 g J75 £Jot 
a colourless solid, m.p. 132-136X. Analysis for C 13 H 1fi N0 6 P. H 2 0: 47.28% C; 5.83% H, 4.04% N (calculated 
46.85% C; 6.05% H; 4.20% N). 



Example 3 

N-[(S)-2-(Diethoxyphosphinyl)methyl-1-oxo-3-phenyiprapyi|-P-aianine benzyl ^ster 
A Ethyl (R r S)-2-<DiethoxyphosphinYl)methyl-3-phenYlpropanoate 

In a 2 1 3-neck round bottomed flask fitted with additional funnel and nitrogen miet place 1.26 g ot bu/o 
NaH in mineral oil (0.63 g, net 0.0263 mol), which then wash with 3 volumes (30 mi) of hexane. Introduce 
toluene (1.2 I), then dropwise 74^ ml (79.9 g, 0.579 mol) of diethyl phosphite. After stirring for 30 minutes 
add, dropwise, 100 g (0.526 mol) of 2-benzyiacryiic acid ethyl ester [prepared as in, for example, cnem. 
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Ber., 57, 1116 (1924)] at such a rate as to maintain the reaction temperature below 45*C. After the addition, 
allow the reaction to stir at room temperature for an additional 45 minutes. Quench the reaction by adding 
4 ml of glacial acetic acid. Filter and concentrate in vacuo to obtain a syrup (181 g), in which a small amount 
of diethyl phosphite is retained. !R (FT,, neat, cm" 1 ): 1745 (s), 1600 (w), 1250 <s), 1030 (s). PMR (CDCL Dom 
5 relative to TMS Internal standard): 1.28 (t, 3H, J MM =7.5Hz); 1.3 (doublet oft, 6H, J HH =8Hz. J mp =2Hz)- 2 0 (m 
3H, PCH^ CH); 2.95 (m, 2H, CHjAr); 4.00 (q # 2H, J=7.5Hz); 4.05 (m, 4H, J„„=8Hz, J HP =2Hz); 722 (m 'sH Ar)' 
Mass Spectrum: m/e 328 (M+). ' ' 

B. (S)-2-(Diethoxyphosphinyl)methyl-3-phenylpropanoic acid 
w Method 7 
Step 1 

In a 4 I, 3 neck round bottomed flask fitted with a magnetic stirrer, pH probe, and a piece of small 
diameter Teflon (Trade Mark) tubing (NaOH inlet), suspend 21.3 g (54.6 mmol) of benzyl (R,S)-2-(diethoxy- 
phosphinyl)methyl-3-phenyi-propanoate (Example I) in 2.0 I of deionized water containing 1.4 g of bovine 
is a-chymotrypsin, at ambient temperature. Adjust the pH of the medium and maintain at pH 7.2 to 7.4 by 
adding IN NaOH via a pH-controlirng device. When the pH ceases to drop, add 200 ml of saturated NaCI 
and 500 mf of EtOAc and stir the mixture vigorously for 30 minutes. After separating the phases, dry the 
organic layer with Na 2 SOo, and concentrate to' a mobile liquid, which purify on Si0 2 by flash 
. chromatography (using a mixture containing equal parts by volume ethylacetate/hexanel to yield 7.89 g 
20 (74%) of predominantly benzyl {R)-2-(diethoxYphosphinyl)methyl-3-phenylpropanoate. (a]^ s = -8.5* (C=1, 
CH 3 OH). 

Step 2 

Acidify the aqueous phase from step 1 to pH 1 with concentrated HCI, and filter through diatomaceous 
25 earth. Extractthe resulting solution three times (1 50 mi each) with EtOAc, and after pooling the extracts dry 
them with Na 2 S0 4 to obtain 7.38 g (90%) of (SH-(diethoxy-phosphinyl)mewyl-3-phenylpropanoic acid as a 
low melting solid, m.p. = 39-40°C. [a]| 8 = +8.9° (C=1, CHCIJ. Analysis for C 14 H 21 P0 5 : 55.71% C; 6.97% H 
(calculated 56.00% C; 7.05% H). 

30 Method 2 
Step 1 

Suspend ethyl (R f S)-2^d^ethoxyphosphinyl)methYl-3-phenylpropanoate (173 g 0.53 mole) obtained from 
part A in 20 I of deionized water containing 13.6 g of bovine a-chymotrypsin, at ambient temperature, using 
an overhead mechanical stirrer at medium speed. Adjust the pH of the reaction and maintain it at 7.2 to 7.4 ■ 
35 by adding 2N NaOH with a pH controlling device. After 135 ml of base have been consumed, add 4 I of ethyl 
acetate, and after stirring 30 minutes separate the phases. Dry the organic layers over Na 2 S0 4 and 
evaporate the solvent to obtain 83.9 g (97%) of ethyl (R)-2-(diethoxyphosphinyl)methyl-3-phenyi- 
propanoate. [ajg* » -18.0° (C=1, CHCI,). 

40* Step 2 

Acidify the -aqueous layer to pH 2.5 with concentrated HO, and filter through Celite. Add 1 kg of NaCI 
and wash the clear solution twice with 4 1 of EtOAc Dry the organic phases with Na^SO*, and concentrate to 
obtain 79 g of a yellow oil, which solidifies on cooiing. (aj^ 3 = +8.9° (C=1, CHO,), m.p. = 39— 40°C. 

45 C. N-t(S)-2-(Dtethoxyphosphiny0methyl-1-oxo-3-onenyl-propYl]-p-alanine benzyl Ester 

To a mixture of 7.80 g (26.2 mmol) of (S)-2-(dietnoxyphosphinyl)methyl-3-phenylpropanoic acid, 9.22 g 
(26.2 mmoi) P-alanine benzyl ester (p-tosyiate salt). 3.04 g (52.5 mmol) HOBT, and 3.65 ml (26.2 mmol) Et 3 N 
in 150 ml DMF, under an inert atmosphere and cooied with an ice-water bath, add 5.03 g (26.2 mmol) of 
EDCI and 3.65 mi (26.2 mmol) EtaN. Allow the reaction to warm up to room temperature and stir for 16 

so hours. Dilute with 250 ml EtOAc, then wash the mixture sequentially with saturated NaHC0 3 (75 ml), 1N 
® tri ^ c,d ( 7S m| ), saturatd NaHC0 3 (75 ml), saturated NaCI (100 ml), and dry the organic solution with 
^u5?T** Eva P oratetne solvent to obtain an oil, which punfy on SiOj by flash chromatography (1% CH 3 0H/ 
C S\ to yield 1(13 9 (87%) of an oiL [a 'o B " 23.7° (c-1. CH;,OH). IR (FT, neat, cm- 1 ): 3280<m), 1740(s), 
1675(s), 1550(m), 1250(s), 1060(5), 1030(s). "CMR (CDC1 V ppm relative to TMS internal standard): 16.36 

55 P** J«op=6.07Hz); 61.72 (CH*0, J„p=6.22Hz); 27.71 (PCH* J tK3 =140J3Hz); 40.28 (CH, J PO0 -14.17Hz); 43.71 
(CH 2 Ar r J peoo =3.07Hz); 34,63 (CH 2 CH a ); 33.87 (CH,CH,J; 66^9 (OCHj); 173.1 (CONH, J WM =6.13Hz); 172.0 
(COO). Mass Spectrum: m/e 461 (M+). 

Exam pie 4 

N-[(S}-1-0)co-3-phenyl-2-(phosphonomemYi)propYl]-(3-alanine calcium salt 
so Add a solution (50 ml) of 33% HBr in HOAc to 9.30 3 (20.0 mmol) of N-f(S)-1-oxo-2-<diethoxy- 

phosphinyl)methyl-3-phenyipropylJ-P-afanine benzyl ester under a N 2 atmosphere. Stir the resulting 
orange solution at room temperature for 16 hours. Evaporate the solvent and excess HBr (in vacuo) to 
obtain an oil, which dissolve in 50 mi of H 2 0 and wain twice (50 ml) with ether. Evaporate the aqueous 
solution to obtain 7.4 g of an oil. Dissolve the oil in 300 mi ot h,0. add 1.49 g of Ca(OH) 2 and warm at 50°C 
65 for a few minutes. Filter the resulting solution, concentrate .t and tnturate with CH 3 OH to yield 5.84 g (82%) 
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of a white solid, [a]? = 26.3° (c=1, IN HCI). m.p. >220°C. Analysis for C 13 H, 6 N0 6 P.Ca.H 3 0: 41.66% C; 4.75. 
H; 3.44% N {calculated 42.05% C; 4.89% H; 3.77% N). IR (FT, Nujol mull, cm" 1 ): 3280(m), 2800— 2200(m], 
1730(m), 1640(s), 1570{m,),1060(s). 13 CMR (DC1, ppm relative to TMS. dioxane internal standard)—: 29.66 
(PCH 2 m J^mOHz); 40.67 (CH, J pce = 15.41 Hz); 44.02 <CH 2 Ar, J pee8 =2^2Hd; 33.83 (CH 2 CH 2 ); 35.43 
s (CH 2 CH 2 ); 16.5 (CON, Jpc CC =6.49Hz); 175.0 (COO). Mass Spectrum (FAB, Xe, glycerol): m/e 354 (NT +1). 

Example 5 

3-[(SJ-2^DiethoxyphosphinyI)methyl-1^xo-3-phenylpropylI-am benzyl 

ester 

to A. Benzyl 3-amino-2-(R,S)-rnethylpropanoate hydrochloride salt 

To a cooled suspension of 10.0 g (97 mmol) of (R,S)-3-aminoisobutyric acid in 150 ml of benzyl alcohol 
add, dropwise, 25 ml of ml of thionyl chloride, then heat for 5 hours at 55— 65°C. Cool the solution, dilute 
with ether, and cool to -10°C. Collect the white crystalline material to obtain 18.7 g (84%) m.p. 89— 90°C. 
Analysis for C ni H 15 NO 2 .HCI.0.5(H 2 O) 55.50% C; 6.86% H; 6.13% N (calculated 55.35% C; 7.18% H; 

?s 5.87%N). Mass Spectrum: m/e 193 (M~). 

B. 3-({S)-2-(Diethoxyphosphinyi)methyl-1-oxo-3-phenylpropyl]amino-2-(R,S)-methylpropanoic acid benzyl 
ester 

To a mixture of 3.00 g (10.0 mmol) of (S)-2-diethoxyphosphinylmethy|.3-phenyipropanoic acid, 2.30 g 
20 (10.0 mmol) benzyl 2-amino-2-<R,S)-methylpropanoate (hydrochloride salt), 3.06 g (20.0 mmol) HOBT, and 
1.39 ml (10.0 mmol) Et 3 N in 50 ml DMF, under an inert atmosphere and cooled with an ice-water bath, add 
1.92 g (10.0 mmol) of EDC1 and 1.39 ml (10.0 mmol) Et 3 N. Allow the reaction mixture to warm up to room 
temperature and stir for 16 hours. After diluting with 100 mi EtOAc wash the mixture sequentially with 
saturated NaHC0 3 (50 ml), 1N citric acid (50 ml), saturated NaHC0 3 (50 ml), and dry the organic solution 
25 with NajSO*. Evaporate the solvent to afford an oil, which purify on Si0 2 by flash chromatography (1% 
CH 3 OH/CHCI 3 J to yield 3.53 g (74%) of product, [a]S 6 » 20.4' (c=1, CH 3 OH). IR (FT, neat, cm" 1 ): 3285(m), 
1735(s), 1675(s), 1555(m), 1250(s), 1060(s), 1030(s). PMR (CDCJ 3 , ppm relative to TMS internal standard): 
0.94 (d, 1/2 of 3H, CH 3 , J=8Hz); 1.08 {d, 1/2 of 3H, CH 3 , J=8Hz); 1.28 (t, 6H, CH 3 , J=7Hz); 2.0 (m, 2H, CH 2 P); 
2.85 (m f 5H, CH 2 Ar, NCH 2 , CH); 3.29 (m, 1H, CH); 3.99 (m, 4H, CH 2 0, J=7Hz); 5.07 (d, 2H, 0CH 2 ); 6.04 (m f 1H, 
30 NH); 7.16 (broad s, 5H, Ar); 7.45 (broad s, 5H, Ar). 13 CMR (CDCI 3f ppm relative to TMS internal standard: 
14.58, 14-93 (CH 3 ); 16.36 (CH 3 , J ccop =6.1Hz); 27.74 (PCH 2l Jp.-140.4Hz); 39.40 (signals for diasterom eric (3- 
alanine C's); 41.0 (CH, J pco =18.0Hz); 43.77 (CH 2 Ar, J pccc =2.1Hz); 61.73 (CH 2 OP, J cop =6.4Hz); 66.36 
(OCH 2 Ar); 172.6 (CONH, J-6Hz); 174 (COO). Mass Spectrum: m/e 475 (NT). 

35 Example 6 

3-[{S)«1-oxo-3-phenyl-2-(5hosphonomethylpropyllamino-2-(R,S)-methylpropanoic acid calcium salt 
Adda solution (40 mi) of 33% HBr in HOAc to 3.5 g (7.37 mmol) of the ester from Examples, B., under a 
N 2 atmosphere. Allow the resulting orange solution to stir at room temperature for 16 hours. Evaporate the 
solvent and excess HBr (in vacuo) to obtain an oil, which dissolve in 50 mi H 2 0, and wash twice (50 ml) with 
40* ether. Evaporate the aqueous solution to afford 2.4 g of a glassy material, which redissolve in 200 ml H 2 0. 
To this solution add 0.585 g of Ca(OH) a then warm it to 50°C Filter and concentrate the solution, then 
triturate with CH 3 OH to obtain 1.61 g (61%) of a white powder, m.p. >200°C. [all 8 = 33.0° (c=1, 1N HCI). 
Analysis for (C n4 H 18 N0 6 P) 2 Ca 3 .H 2 0: 42.51% C; 4.72% H; 3.31% N (calculated 42.53% C; 4.59% H; 3.54% N). 
IR (FT, Nujol mull, cm" 1 ): 3280(m), 2800— 2200(m), 1635(s), 1560(m|, 1060(s). 13 CMR (DCl ppm relative to 

49 TMS, dioxane internal standard): 14.90, 15.15 (diastereomeric CH 3 ); 29.90 (PCH 2f J po =137.2Hz); 39.76 
(CH — CH 3 ); 46;60 (CH, P^ 14.71 Hz); 42.24 (NCH 3 ); 44.16 (CH 2 Ar); 127.75, 129.53, 129.72, 139.06 (Ar); 
176.87 (diastereomeric COO); 179.7 (CON, Jpe.cs3.7Hz). 

Example 7 

50 N-[(R)-2-(DiethaxYphosphinyl)methyl-1-axo-3-phenylpropyl]-3-alanine benzyl ester 

A. (RK2-(Diethoxyphosphinyl)methyl-3-phenyipropanoic acid 

Dissolve 7.8 g (20.0 mmol) of benzyl (R)-2-(diethoxyphosphinyl)methyl-3-phenyipropanoate (Example 
3, B. step I) in 40 ml of CH 3 0H, and hydrogenate in Parr hydrogenation apparatus over 2.0 g of 10% Pd on 
carbon at 3.45 bar hydrogen pressure for 2.5 hours. Filter the catalyst using Celite, and concentrate to 
55 obtain 5.8 g (96%) of an oil. la)! 8 - -8.2° (c=1, CHC1 3 ). 

B. N-{{R)-2WDiethoxyphosphinyl)methyl-1-oxo-3-phenylpropyi)-P-alanine benzyl ester 

To a mixture of 3.00 g (10.0 mmol) of (R)-2-(diethoxyphosphinyl)methyi-3-phenylpropanoic acid, 3.51 g 
(10.0 mmol) P-alanine benzyi ester (p-tosylate salt), 3.06 g (20-0 mmol) HOBT, and 1.39 ml (10.0 mmol) Et 3 N 

50 in 50 mi DMF, under an inert atmosphere and cooled with an ice-water bath, add 1.92 g (10.0 mmol) EDCl 
and 1.39 ml Et 3 N. Allow the reaction to warm up to room temperature and stir for 16 hours. After dilution 
with 100 ml EtOAc wash the mixture with saturated NaHCO, (50 ml), 1N citric acid (50 ml), saturated 
NaHC0 3 (50 ml), saturated NaCI (50 ml), and dry the organic solution with Na 2 S0 4 . Evaporate the solvent to 
obtain an oil, which purify on Si0 2 by flash chromatography to yield 4.5 g (98%) of an oil. [ai" = -21.0° 

65 (c«1, CH 3 OH). 
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Example 8 

N-[(R)-1-oxo-3-phenyl-2-(phosphonornethyl)propyl]-p-aianine calcium salt 
Add a solution {50 ml) of 33% HBr in HOAc to 4.5 g (9.76 mmol) of N-[(R)-2-(diethoxyphosphinyi>- 
methyi-1 -oxo-3-phenylpropyl]-(3-alanine benzyl ester under a N 2 atmosphere. Stir the resulting orange 
5 solution at room temperature for 16 hours. Evaporate the solvent and excess HBr in vacuo to afford an oil, 
which dissolve in 50 ml of H 2 0 and then wash twice with 50 ml portions of ether. Evaporate the aqueous 
solution to yield 3.2 g of an oil. Dissolve the oil in 400 ml of H 2 0, add 0.8 g of Ca{OH) 2 and warm to 50°C for a 
few minutes. Filter the resulting solution and iyophilize to give a white powder. m.p.>200°C. [all 6 = -22.2° 
(c«1,1NHCl). 

to 

Example 9 

N-t(S)-2-(DiethoxYphosphinyi)methyl-1-oxo-3-phenyipropyl]-(3-alanine ether ester 
To a mixture of 5.00 g (16.7 mmol) of (S)-2-(diethoxYphosphinyl)methyl-3-phenylpropanoic acid, 2.56 g 

(16.7 mmol) fS-alanine ethyl ester (hydrochloride salt), 5.10 g (33.3 mmol) HOBT, and 2.32 ml (16.7 mmol) 
75 Et,N in 75 ml DMF, under an inert atmosphere and cooled with an ice-water bath, add 3.19 g (16.7 mmol) of 

EDO and 232 ml Et a N. Allow the reaction mixture to warm up to room temperature and stir for 16 hours. 

After dilution with 100 ml EtOAc wash the mixture sequentially with saturated NaHC0 3 (50 mi), IN citric 

acid (50 mi), saturated NaHCO, (50 ml), saturated NaC! (50 ml), and dry the organic solution with Na 2 S0 4 . 

Evaporate the solvent to yield an oil, which purify on SiO a by flash chromatography (EtOAc/Hexane) to 
20 yield 5.8 g (88%) of an oil. [a]? = 11.9° (c=1, CHCl 3 ). IR (FT, neat, cm"'): 3280(m), 1733(s), 1670(s), 1545(ml. 

1240<s), 1220(s), 1180(s), 1050(s), 1030(s). PMR (CDCI 3 , ppm relative to TMS internal standard 1.24 (t, 3H); 

1.28 (t, 6H); 1.97 (m, 2H, PCH 2 ), 2.33 (m, 2H, CH 2 CO); 2.54 (m, 1H, CH); 2.85 (m, 2H, CH^r); 3.36 (m, 2H, 

NCH a ); 4.06 (m. 6H r CH 2 0); 6.03 (m, 1H, NH); 6.98 (m, 5H, Ar). 13 CMR (CDCI 3 , ppm relative to TMS internal 

standard): 14.16 (CH 3 ); 16.34 (CH 3 , Jceoo-6.36 Hz); 27.69 (PCH 2 , J pc ~140.2 Hz); 33.86, 34.65 (p-ala CH 2 's); 
25 40.32 (CH, J pce = 14.53 Hz); 43.70 <CH 2 Ar, J pccc =3.1 Hz); 60.52 (CH 2 0); 61.72 (CH 2 0, J^e.SHz); 126.6, 128.5, 

129.1, 138.8 {Ar's); 172.2 (COO); 173.1 (CON, ^=6.2^). Mass Spectrum: m/e 399 (M"). 

Example 10 

N-[(S)-1-Oxo-3-phenyl-2-(phosphonomethyi)propyl]-p-alanine ethyl ester caldum salt 
30 Add bromotrimethylsilane 110.0 mh neat) (TMS-Br) dropwise to 4.77 g (12.0 mmol) of N-[(S)-2- 
(diethoxyphosphinyDmethyl-1-phenyipropyl-P-alanine ethyl ester, cooled in a ice-water bath under a N 2 
atmosphere. Allow the solution to warm up to room temperature and stir for 2 hours. Remove (in vacuo) 
TMS-Br and ethylbromide (in vacuo), and to the residual oil add 10 ml of aqueous acetone. After stirring 
this mixture for 15 minutes remove the solvent and obtain 5 g of a glass. Dissolve the oil and 0.89 g of 
35 Ca(0H) 2 in 500 mi of H 2 0 at 50°C. Filter and evaporate the solvent to afford a solid, which subsequently 
wash with CH 3 OH and Et 2 0. Yield 2.4 g (53%). m.p. >220°C. [ail 6 « 20° (c-1, IN HCI). Analysis for 
CneHaNOeP.I.SfHaO): 43.72% C; 5.12% H; 3.18% N (calculated 44.11% C; 5.68% H; 3.43% N). IR (FT, Nujol 
mull, cm" 1 ): 3350(m), 2750— 2500(w), 1735(s), 1635(s), 1570(s), 1 100(s), 1070(s). PMR (DCI, ppm relative to 
TSP internal standard): 1.22 (t, 3H,); 2.04 (m, 2H, PCH 2 ); 2.15 (m. 2H, CH a CO); 2.90 <m, 3H, CH 2 Ar, CH); 3.14 
4Q> (m, NCH 2 ); 4.04 (q, 2H); 7.30 (m, 5H, Ar). 13 CMR (D 2 0, ppm relative to TMS, dioxane internal standard: 17.72 
(CH 3 ); 29.74 (PCH 2 ; J^o 136.9 Hz); 33.84, 35.38 (3-ala CH 2 's); 40.65 (CH, J pce =15.1Hz); 44.08 (CHjAr, 
J PCC0 -3^Hz); 58.39 (OCH 2 ); 127.7, 129.5, 129.3, 139.0 (Ar's); 174.7 (COO); 176.5 (CON, J peco =5.6Hz). Mass 
Spectrum: (FAB, Xe, glycerol): m/e 382 (M* +1). 

45 Example 11 

N-[(S)-2-(Diethoxyphosphinyl)methYl-1-oxo-3-phenylpropyl]*P-alanine 2-phenoxyethyl ester 
To a mixture of 4.0 g (13.3 mmol) of (S)-2-(diethoxyphosphinyl)methyl-3-phenylpropanoic acid, 5.08 g 
(13.3 mmol) p-aianine 2-phenoxyethyl ester (p-tosylate salt), 4.08 g (25.6 mmol) HOBT, and 1.85 ml (13.3 
mmol) Et 3 N in 75 mi DMF, under an inert atmosphere and cooled with an ice-water bath, add 2.56 EDC1 and 

so 1.85 ml Et 3 N. Allow the reaction to warm up to room temperature and stir for 16 hours. After dilution with 
100 mi EtOAc wash the mixture sequentially with saturated NaHC0 3 (50 ml), 1N citric acid (50 mi), saturated 
NaHC0 3 (50 mi), saturated NaCI (50 mi), and dry the organic solution with Na 2 S0 4 . Evaporate the solvent to 
afford an oil, which purify on Si0 2 by flash chromatography (EtOAc/Hexane) to yield 1.6 g (25%) of an oil. 
[a]f » 6.3° (c=1, CHC1 3 ). IR (FT, neat, cm"'): 3290(m), 1740(s), 1675(s), 1600(m), 1590(m), 1550(m), 1250(s), 

$5 1170(a), 1055{s), 1030(s). PMR (CDC1* ppm relative to TMS internal standard): 1.30 (t, 6H, CH 3 ); 1.95 (m, 2H, 
PCH 2 ); Z2S (m r 3H, CH 2 CO, CH); 2.83 (m, 2H, CHjAr), 3.37 (m, 2H, NCH 2 ); 4.04 (m f 4H, CH 2 0P); 4.17 (m, 2H, 
CH 2 0); 438 (m, 2H f CH 2 0); 6.10 (m, 1H f NH); 6.96 (m r 5H, OAr); 7.18 (m, 5H f Ar). 13 CMR (CDCI 3 , ppm relative 
to TMS): 16.36 (CH* J^-e.lHz); 27.69 (PCH* J w -140.3Hz); 33.79, 34.56 (0-ala CH 2 's); 40.32 (CH, 
J,co=14.6Hz); 43.69 (CHjAr, ^=3.3^}; 61.72 (CH 2 OP, J CTO ~6.4Hz); 62.96, 65.66 (CH 2 0); 114.6, 121.3, 

bo 126.6, 128.5, 129.1, 129.6, 138.8 (Ar's); 158,4 (OAr); 172.1 (COO); 173.1 (CON, J pooe =5.8Hz). Mass Spectrum: 
m/e 491 (M+). * 

Example 12 

N-[(S)-1-Oxo-3-phenYl-2-(phosphonomethvl)propyl)-P-aiariine 2-phenoxyethyl ester 
Add bromotrimethyisiiane (TMS-Br) (2.4 ml, neat) dropwise to a cooled (ice-water bath} 1.49 g (3.00 
55 mmol) of N-[(S)-2-<diethoxyphosphinyl)methyl-1-oxo-3-phenylpropyl-p-alanine 2-phenoxyethyl ester, 
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under a N 2 atmosphere. Allow the solution to warm to room temperature and stir 2 hours. Remove (in 
vacuo) excess TMS-Br and ethylbromide, and to the residual oil add 5 ml of aqueous acetone. After stirring 
this mixture for 15 minutes remove the solvent, and wash the solid obtained with 25 mi of cold Et 2 0 Yield 
1.1 g (85%). m.p.=142— 143 8 C. [a]? = 14.2° <c=1, DMSO). Analysis for C 21 H 28 N0 7 P: 57.51% C; 5.86% H- 

5 2.92% N (calculated 57.93% C; 6.02% H; 3.22% N). IR {FT, Nujoi mull, cm' 1 ): 3405(s), 2800— 1800(w) 
1735(s), 1625(s), 1600(m), 1585(m), 1545<s), 11851s), 1175[s), 1125(s). PMR (d 6 DMSO, ppm relative to TMS 
internal standard: 1.71 (m, 2H, PCH 2 ); 2.35 (m, 3H, CH 2 CO, CH); 2.82 (m, 2H, CH 2 Ar); 3.19 (m, 2H, NCH 2 )- 
4.24 (m, 4H, CH 2 0); 6.95 (m, 5H, OAr); 7.20 (m, 5H, Ar); 7.82 (t 1H, NH); 9.01 (broad s, 2H f OH). 13 CMR (d 6 l 
DMSO, ppm relative to TMS internal standard): 29.66 (PCH 2/ 138.0Hz); 33.46; 34.48 ((3-ala CH 2 'sl; 39 00 

70 (CH, J^-IS.OHz); 42.19 (CH 2 Ar, J pccc =2.7Hz); 62.47, 65.48 (CH z O); 114.4, 120.8, 125.9, 128.0, 128.9, 129.3 - 
129.5 (Ar's); 158.1 -.(0 Ar); 171.2 (COO); 173.4 (CON, J pcoc =9.5Hz). Mass Spectrum: m/e 417 (M+ -18). 

Example 13 

N-[(R,S)-3-{1-1 '-Biphenyl-^yO^-fdiethoxyphosphinyDmethyi-l-oxopropyfl-P-alanine benzyl ester 
rs A. Ethyl 3-(1,T-biphenyl-4-yl)-2-ethoxycarbonyipropanoate 

Add diethyl malonate (33.6 g, 0.21 mol) dropwise over a 1 5 minute period to a solution of Na (4.6 g, 0.2 
g-atom) in 125 ml absolute EtOH. Stir the suspension for 15 minutes, and to it add over a 10 minute period a 
warm solution of 4-chloromethylbiphenyl (40 g 0.197 mol) in 50 ml EtOH; After refluxing the reaction for 4 
hours allow it to stand overnight (16 hours). Then concentrate the reaction mixture to a syrup, and partition 
20 between H 2 0.and Et 2 0. Wash the etheral layer with H 2 0, saturated NaCi, dry over MgSO*, and concentrate 
to an oil (61.7 g). Distill under reduced pressure to afford 24.0 g (37%) of desired product b.p. = 
182— 192°C/0.27 mbar (0.2 mm Hg). 

B. Potassium 3-0,1'-biphenyl-4-yi)-2-ethoxycarbonyipropanoate 
25 To 15.0 g (46.0 mmol of the diesterfrom the preceding step in 50 ml of anhydrous EtOH add a freshiy 
prepared solution of 3.00 g (2.58 g net, 46.0 mmoi) KOH in 46 mi of anhydrous EtOH. Allow the reaction to 
stir at room temperature, under a N 2 atmosphere for 5 hours. Filter the resulting precipitate and wash with 
■ several volumes of Et 2 0 to yieid 13.52 (87.2%) of product m.p. 170°C (decomposition). 

30 C. Ethyl 2-{(1 f r-biphenyl-4-yl)methyl)-2-propenoate 

To a mixture of 13.5 g (40.1 mmoi) of the salt from the preceding step 4.54 ml (3.23 g, 44.1 mmol) 
diethylarnine, and 5.5 ml of 37% aqueous formaldehyde, cooled with an ice-water bath, add dropwise 22.0 
ml (44.0 mmol) of 2N HCI. Allow the reaction mixture to warm up to room temperature and stir 4 hours. 
Extract with 4 x 50 ml Et 2 0 ( then wash the combined organic layers with 50% HCI (100 ml), saturated NaCi 

js (100 ml), 5% NaHC0 3 (100 ml) and saturated NaCi (100 ml). Evaporate the solvent after drying with MgS0 4 
to afford 8.83 g of a clear oil. b.p. 150— 158°C/0.27— 0.4 mbar (0.2—0.3 mm Hg). PMR (DCI„ ppm relative to 
TMS Internal standard): 1.24 (t, 3H); 4.67 {s. 2H); 4.11 (q, 2H); 5.54 (d, 1H); 6.29 (d, 1H); 7.47 (m, 9H). 

D. (R,S)-3-(1,1'-8iphenyl-4-yl)-2-(diethyoxyphosphinyi)methyipropanoic acid ethyl ester 

40 In a 250 mi-3 necic round bottomed flask fitted with an addition funnel and N a inlet place 0.10 g of 50% 
NaH in oil (2.1 mmoi), which then wash with 3 volumes (20 ml) of hexane. Introduce toluene (100 mi) then 
add dropwise 4.00 ml (4.29 g, 31.0 mmol) diethyl phosphite. After stirring 15 minutes 8.27 g (31.0 mmol) 
add the ethyl ester from the preceding step. Stir the reaction mixture at room temperature for 16 hours 
under an inert atmosphere. After quenching the reaction with 5.0 ml HOAc,. filter the mixture and evaporate 

45 the solvent to an ol. Chromatography on Si0 2 (3% CH 3 0H/CHC1 3 ) affords 7.1 g of desired product (57%). 

E. (R,S)-3-(1,r-Biphenyl-4-y|)-2-<diethoxyphosphinyl)methYlpropanoic acid 

To 7.1 g (17.6 mmol) of ethyl ester (from the preceding step) suspended in 30 ml H 2 0 add 17.6 ml of 
I.OON NaOH at room temperature under an inert atmosphere. After 5 days, work up the reaction mixture by 
first extracting with 50 mi EtOAc {from which are recovered 2.4 g of starting material), followed by 

50 acidification to pH 3.0 and re-extracting with two volumes (50 ml) of EtOAc. Combine the latter organic 
layers, dry with MgSO*, and evaporate the solvent to give 4.0 g (61 %) of a thick oil. Analysis for C 20 H 2s O 8 P: 
64.39% C; 6.41% H (calculated 63.82% C; 6.70% H|. IR (FT, neat cm" 1 ): 2850— 2400(m), 1733{si, 1605(w), 
14S0{m), 1200(3), 1170(a), 1055(s), 1030(s). PMR |CDC! 3 , ppm relative to TMS internal standard): 1.25 
(doubiet of t 6H, J HH =7.5Hz, J MP =1.5Hz); 2.02 (m, 2H, PCH 2 ); 2.99 (m, 3H ( CH 2 Ar, CH); 4.03 (m, 4H, 

ss Jh„=7.5Hz, J hp = 1.5Hz); 7.41 (m. 9H, Ar). 13 CMR (CDCl„ ppm relative to TMS internal standard): 16.26 (CH 3l 
Jccop^ZHz); 26.58 <PCH a , J^^JHz); 38,75 (CH, J TO =14.1Hz); 41.60 (CH 2 Ar, J pcco =3.1Hz); 62.26 (CH 2 0, 
J^S^Hz); 177.1 (CO, J pcoc =6.2Hz). Mass Spectrum: m/e 376 (JVT). 

F. N-[(R f S)-3-(1 r 1'-Biphenyi-4-yl)-2-<diethoxyphosphinyl)-methyi-1-oxopropyl|-p-alanine benzyl ester 

so To a mixture of 3.90 g (10.4 mmol) of the propanoic acid of the preceding step, 3.64 g (10.4 mmol) p- 
aianine benzyl ester (p-tosylate salt) 2.81 g (20.8 mmol) HOBT, and 1.45 ml (10.4 mmol) Et 3 N in 50 ml DMF, 
under an inert atmosphere and cooled with an ice-water bath, add 2.00 g (10.4 mmol) of EDCi and 1.45 mi 
E^N, Allow the reaction to warm up to room temperature and stir for 16 hours. After dilution with 100 ml 
EtOAc wash the mixture sequentially with saturated NaHCO, (50 mi), 1N citric acid (50 ml), saturated 

65 NaHCOa (50 mi), saturated NaCi (50 ml), and dry the organic solution with MgSO*. Evaporate the solvent to 
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afford an oil, which purify by chromatography on Si0 2 (3% CH 3 OH/CHCI 3 ) to yield 4.91 g (88%) of a thick oil. 
IR (FT, neat, cm"'): 3280<m], 1740<s) f .1675{s), 1600(w), 1550(m), 1245(s), 1220(s), 1170(s), 1055(s), 1030(s). 
PMR (CDCI 3 , ppm relative to TMS internal standard): 1.35 ft, 6H); 1.98 (m, 2H, PCH 2 ); 2.40 (m, 2H, CH 2 CO); 
2.90 (m, 3H, CH 2 Ar, CH); 3.39 (m, 2H, NCH 2 ); 4.04 (m, 4H, CH 2 0|; 4.96 (q, 2H, OCH 2 Ar); 6.22 <t. 1H, NH); 7.36 
5 (m, 9H, At). 13 CMR (CDCI* ppm relative to TMS): 16.35 (CH 3 , J ccop = 6.02Hz); 27.69 {PCH,, J pc =140.3H2); 
33.81, 34.64 (0-ala CH 2 's); 39.85 (CH, J pcc ~ 14,58Hz); 43.6 (CH 2 Ar, J pcce =3.47Hz) 61.76 <CH 2 0. J^-e^Hz); 
66.32 (OCH 2 Ar); 126.9, 127.1, 128.1, .128.3, 128.5, 128.8, 129.5, 135.6, 137.8, 139.5, 140.7 (Ar's); 172.0 (COO); 
173.0 (CON, J peoo =6.28Hz). Mass Spectrum: m/e 537 (M*). 

io Example 14 

N-{(R,S)-3-(l,T-BiphenYl-4-yl)-1-oxo«2-<phosphonomethyl)-propylJ-P-alanine 
Add a solution (100 ml) of 33% HBr in HOAc to 4.7 g (8.7 mmoi) of the ester from the preceding step 

under a N 2 atmosphere. Allow the resulting orange solution to stir at room temperature for 16 hours. 

Evaporate the solvent and excess HBr in vacuo to afford a solid, which crystallises when partitioned 
is between 100 mi H 2 0 and 50 mi EtOAc, Filter, then wash with 250 ml EtOAc and dry at high vacuum (at room 

temperature) to afford 2.54 g (75%) of product m.p. * 193— 194°C. Analysis for C^HjjNOeP: 58.41% C; 

5.61% H; 3.11% N (calculated 58.31% C; 5.67% H; 3.58% NJ. IR (FT, Nujol mull, cm" 1 ): 3300(m), 

2850— 2000(m), 1695{s), 1642(s), 1570(m). 13 CMR(D 2 0, ppm relative to TMS, dioxane internal standard): 

3Z85 (PCH* J po =130.2Hz>; 37.25 (CH, J pco =4.7Hz); 39.5Z 39:87 (0-ala CH 2 's); 45.96 (CH 2 Ar, J DCCC =2.4Hz); 
20 127.7, 128.4, 130.0, 130.5, 139.4, 140.0, 141.3 (Ar's); 178.6 {CON, J pcee =1 1.6Hz); 180.9 (COOH). Mass 

Spectrum: m/e 391 (M*). 

Example 15 

N-[{R,S)-2-diethoxyphosphinyl-1-oxo-3-phenyipropyl)-(3-alanine benzyl ester 

A. (R,S)"2-Diethoxyphosphinylr3-phenyl propanoic acid 

25 In a 250 ml 3 neck round bottomed flask fitted with a magnetic stirrer, dropping funnel, and N 2 inlet 
place 7.5 ml (58 mmoi) of diethyl phosphite and 150 ml 1,2-dimethoxyethane. To the cooled solution 
(0— 10°C) add 4.2 g (110 mmoi) of 60% NaH (oil dispersion). Stir the resulting slurry at 5°C for 20 minutes, 
and to it add 12.2 g (53 mmoi) of 2-bromo-3-phenyl propanoic acid in 50 mi of 1,2-dimethoxyethane over a 
20 minute period. After 1.5 hours add 7 mi EtOH, and pour the reaction mixture into 100 mi H 2 0 and extract 

30 with Et 2 0. Acidify the aqueous solution to pH 4 with dilute HCI, and extract with several portions of E^O. 
Dry the combined ethereal extracts with NajSC^ and concentrate to 13.2 g of an oil. Triturate with cold 
(-70°C) Et 2 0 to obtain 8.0 g of a solid, which recrystallizes from Et 2 0 to yield 6.85 g (45.4%) of white 
crystals, m.p. = 69— 71°C. Analysis for C„H 19 O s P: 54.62% C; 6.56% H; 11.02% P (calculated 54.55% C; 
6.69% H; 10.82% P). PMR (CDCI 3( ppm relative to TMS internal standard): 1.30 (doublet oft, 5H, J HM =aHz f 

35 J„ P =3Hz); 3.19 (m, 2H, CH 2 Ar); 3.22 (m r 1H, CH); 4.15 <m, 4H, CH 2 0); 7.24 (broad s, 5H, Ar); 10.8 (broad s, 
1H, OH). Mass Spectrum: m/e'286 (M~). 

B. N-[{R P S)-2-Diethoxyphosphinyi-1-oxo-3-phenylpropyi]-3-alanine benzyl ester 

Treat a mixture of 3.5 g (12.2 mmoi) (R f S)-2-diethoxyphosphinyl-3-phenylpropanoic acid, 4.66 g (13.3 
40 mmoi) P-aianine benzyl ester (p-tosylate salt), 1.9 g (12.2 mmoi) HOST, 2.3 g (12.2 mmoi) EDCI, and 50 ml 
DMF with 4.0 ml N-ethylmorphoiine, and stir at room temperature 1 6 hours. Pour the resulting solution into 
H 2 0 and extract with several portions of Et 2 0. Wash the combined ethereal layers with several volumes of 
H 2 0, dry over MgS0 4 and concentrate to a yellow oil. Chromatograph on Si0 2 (EtOAc/CH 3 CN/HOAc) to 
obtain 4.5 g of product Analysis for C^H^NOaP: 61.88% C; 6.82% H; 2.77% N. (calculated 61.74% C; 
45 6.75% H; 3.13% N), PMR (CDCi 3 , ppm relative to TMS internal standard): 1.32 (t 6H); 2.45 (t, 2H, CH 2 C0); 
2.S-3.6 (m, 5H r NCH 2 , CHjAr, CH); 4.13 (m, 4H, CH 2 0); 5.10 <s, 2H, OCH 2 Ar); 6.50 (m, 1H, NH); 7.22 (s, 5H, 
Ar); 7.35 (s, 5H f Ar). Mass Spectrum: m/e 447 (M~). 

Example 16 

so N-{(R,S)-2-diethoxyphosphinyM -oxo-3-phenyipropyl]-0-atanine 

Hydrogenate 0.9 g{2 mmoi) of N-[(R r S)-2-diethoxyphosphinyl-1-oxo-3-phenylpropyl]-p-alanine benzyl 
ester dissolved in 50 ml EtOH, in a Parr hydrogenation apparatus over 0.1 g of 10% Pd on carbon at 3.45 bar 
hydrogen pressure for 4 hours. Filter the catalyst using diatomaceous earth (Ceiite) and concentrate to yield 
an oil, which crystallizes. Recrystallize from EtOAo to yield 0.485 g of a white solid. m.p. = 66— 68°C. 
55 Analysis for C, fl H 2 «NO fl P: 53.66% C; 6.69% H; 3.51% N (calculated 53.78% C; 6.77% H; 3.92% N). PMR 
(CDCI* ppm relative to TMS internal standard): 1.35 (doublet of t, 6H, J M h=8Hz, J„ P =3Hz); 2.23 (m, 2H f 
CH 2 CO); 2.85—3.95 (m, 5H, NCH* CHjAr, CH); 4.18 <rn, 4H, CH 2 0); 7.20 (s, 5H, Ar); 7.47 <m, 1H, NH). Mass 
Spectrum: m/e 357 (M*). 

Example 17 

N-{(R,S)-1-Oxo-3-phenyl-2-phosphonopropyl)-P-aianine caidum salt 
Add a solution (40 ml) of 33% HBr in HOAc to 3.2 g (7.15 mmoi) of N-[(R,S)-2-diethoxyphosphinyl-1- 
oxo-3-phenylpropyi-£-alanine benzyl ester; under a N 2 atmosphere. Stir the resulting orange solution at 
room temperature for 16 hours. Evaporate the solvent and excess HBr fin vacuo) to afford a glassy residue. 
Dissolve this material in water, and wash with Et 2 0. Re-concenrrate the aqueous fraction to give 2.1 g of a 
clear glass. Mass Spectrum: m/e 256 (M* — C0 2 H). 
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Dissolve 0.5 g of the glassy product and 0.117 g Ca(OH) a in 30 mi H 2 0 at 40°C Filter the solution, and 
lyophiiize to give 0.41 g of a white solid, m.p. > 220 e C. Analysis forC ia H u N0 6 P.Ca.H a O: 40.41% C; 3.89% 
H; 3.22% N (calculated 40.33% C; 4.51% H; 3.92% N). PMR (D 2 0, ppm relative to TMS): 2.20 (t, 2H, CH a C0); 
2.65—3.5 <m, 5H, NCH 2 , CH a Ar f CH); 7.30 (s, 5H, Ar). Mass Spectrum (FAB, Xe, glycerol): m/e 302 (NT +1). 

5 

Example 18 

N [1-Oxo-2-phosphonomethyl-.3-(4-trifiuoromethyl)phenylpropyl]-p-alanine ethyl ester 
Add bromotrimethyisilane (8 ml, 0.06 mol), with cooling, to 4.4 g (0.0094 mole) of N-[2-diethoxy- 
phosphinyl)methyl-1-oxo-3-(4-trifluoromethyl)phenylpropyll-P-alanine ethyl ester under a N a atmosphere, 
10 and stir at room temperature for 2.5 hours. After removing excess bromotrimethyisilane and other volatiles 
in vacuo add aqueous acetone (20 ml of 90:10 v/v) and stir the mixture for 15 minutes. Collect the solid by 
filtration and wash , with acetone. Recrystallize from methanol to obtain the title compound, m.p. 
. 144— 146°C. 

is Example 19 

4~{1-oxo-3-phenyl-2-{phosphonomethyl)propyl|aminobenzoic acid ethyl ester 
Add bromotrimethyisilane (13.5 ml, 0.10 mmol) with cooling to 7.4 g (0.0165 mol) of 4-[2-(diethoxy- 
phosphinyl)methyl-1-oxo-3-phenyipropylJaminobenzoic acid ethyl ester under a N a atmosphere, and stir at 
room temperature for 16 hours. After removing excess bromotrirrrethyl-silane and other volatiles in vacuo 
20 add aqueous acetone (20 ml of 90:10 v/v), and stir the mixture for 15 minutes. Filter the mixture and 
concentrate to a gum, which triturate with EtOAc/hexane overnight Filter the solid thereby obtained and 
wash with hexane, m.p. 178 — .179°C. 

Example 20 

25 4-[2-(Ethoxyhydroxyphosphinyl)methyi-1-oxo-3-phenylpropyll-aminobenzoic acid ethyl ester 

To a mixture of 2.00 g (4.47 mmol) of 4-{2-(diethoxyphosphinyl)methyl-1-oxo-3-phenylpropyl)amino- 
benzoic acid ethyi ester, 2.60 g (45.0 mmol) of potassium fluoride, and 50 rng of 18-crown-6 in 50 ml of 
dioxane add 30 mi of IN NaOH and reflux the reaction for 45 minutes. After reducing the volume of the 
reaction to 1/3 of the original, acidify the- residue with dilute HCI to pH 1. Extract with EtOAC, dry with 

30 MgS0 4 and evaporate the solvent to obtain the title product. 

Example 21 

N-[2-(Di-n-butoxyphosphinyl)metriyl-l-oxo-3-phenylpropyl]-P-aianine ethyl ester 
Heat 3.4 g (10 mmol) of N-{1-oxo-3-phenyl-2-(phosphono)methyl-propyl)-0-alanine ethyl ester with 7.5 
J5 ml (100 mmol) ofthionyl chloride (SOCI a ) for between 2 to 6 hours. At the end of this period remove excess 
SOCI 2 and other volatiles in vacuo. To the residue, cooled with an ice-salt bath, add excess (10 ml) n- 
butanol, and 3 mi (20 mmol) Et,N. Stirthe mixture at room temperature for 16 hours. To the residue add 0.5 
HCI (40 ml) and EtOAc (100 ml). After separating the phases, wash the organic layer with saturated NaCI, 
saturated NaHC0 3 , drxy with MgSO* and evaporate the solvent Purify the residue by chromatography on 
do SiO a using EtOAc/hexane to obtain the title product 

Example 22 

N-[2-(n-ButoxYhydroxyphosphinyl)metnYi-l-oxo-3-phenylpropyi]-P-alanine ethyl ester 
Heat 6.9 g (20 mmol) of N-[1-oxo-3-phenyl-2Hpnospnonolmethyl-propyl]-p-alanine ethyl ester with 15 
45 rni (206 mmol) ofthionyl chloride (SOCI a J for between 2 and 6 hours. At the end of this period remove 
excess SOCI 2 and other volatiles in vacuo. Cool tn« residue with an ice-salt bath, then treat with 1.8 ml (20 
mmol) of n-butanol in 50 ml of dichiorornethane containing 6 ml (43 mmol) of Et,N. After stirring between 1 
to 2 hours quench the reaction with 1N HCI, and extract with 200 ml EtOAc. Wash the organic phase with 
saturated NACI, dry with MgSO* and evaporate the solvent to yield an oil, which chromatograph on Si0 2 
so using EtOAcmexane to obain the title product in pure form. 

The following test procedure was utilized to assay the enkephalinase A inhibiting effectiveness of the 
compounds of formula I and their pharmaceutical^ acceotable salts: 

Enkephalin (ENK) degrading activity was separated into the following three fractions according to the 
method of Gorenstein and Snyder [Life Sci., 25, 2065 (1979)]: Enkephalinase A (Gly^Phe*), Amino- 
ss peptidase. (AP) (Tyr'-Gly*), and Enkephalinase B (GlY J -Gly a ). 

Enzyme activity was separated by taking the brain tissue (minus cerebellum) from Sprague-Dawley 
rats and homogenizing it In 30 volumes of 50 mM Tris buffer, pH 7.4, using a Brinkmann Polytron. The 
resulting homogenate is centrifuged at 50,000 x g for 15 minutes. The pellet, constituting the membrane 
bound enzyme material, was washed by resuspending it in Tris and recentrifuging it 4 times. 
so Following washing, solubilization of the membrane pellet was achieved by incubating it for 45 minutes 

at 37°C in the presence of 15 volumes (based on initial bnin weight) of 50 mM Tris-1 % Triton* X-100 buffer. 
pH 7.4. After centrifugation at 100,000 x g for 60 minutet :o -amove non-solubilized material, the Triton* 
soluble supernatant was layered on a 1.5 x 30 cm DEAE S«onacai* column previously equilibrated with 50 
mM Tris-0.1% Triton*, pH 7.4. Material was eluted from Tie :otumn using a 1 liter linear NaCI gradient 
es running from 0.0 to 0.4 M. Effluent was collected in : -ni factions, each of which was assayed for 
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enkephalin degrading activity. Under these conditions Enkephalinase A activity was found to eiuate 
between 120 and 200 ml. followed by AP activity (260 to 400 ml) and finally by Enkephalinase B activity 
between 420 and 450 ml. 

Enkephalin degrading activity was monitored using a radiometric assay. The substrate was 3 H-MeV 
ENK (1.85 x 10 1o Bq/mmol = 50.1 Ci/mmoi, New England Nuclear) diluted in 0.05 M Tris buffer, pH 7.4 r such 
that the final reaction mixture concentration was 40 nM. Total reaction mixture volume including enzyme 
and substrate was 250 pi. Incubation was carried out for 90 minutes at 37°C. To stop the reaction, tubes 
were transferred to a boiling water bath for 15 minutes. 

Assay products were separated from one another using thin layer chromatography. A 4 ul. aliquot of 
the reaction mixture was spotted on a Baker-flex* Silica Gei 1B plate (20 x 20 cm) along with unlabelled 
standards (Me^-ENK, tyrosine, tyrosvlgiycine, tyrosyi-giycyl-glycine) and the components co- 
chromatographed in an isopropanol: ethyl acetate:5% acetic acid solvent system (2:2:1), which is capable 
of resolving Met^ENK from rts breakdown products. Total running time was approximately 17 hours. TIC 
tanks are gassed with nitrogen prior to starting the run. Following the run, markers are visualized with 
ninhydrin spray. These spots, along with remaining piate regions, are cut from the plate and the 
radioactivity corresponding to each monitored using liquid scintillation counting. IC S0 's are determined 
using linear regression techniques. 

By way of example, utilizing this procedure, the following nanomolar (nM) concentrations for the 
specified compounds were found to inhibit the action of enkephalinase A by 50% (ICs©) 



TABLE A 

0 CH. 



Compound 



HO-P-CH _ -CH-Y-Z-COR * 

I 2 * 

HO 



30 


* 


A 


Y 


Z 


R* 


Enkepha- 
linase 
Inhibition 
IC 50 nM 
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— H 


—CONH— 


— (CHJj- 


—OH 


19.0 


33 


s 


— CI 


— CONH— 


-{CH 2 ) a - 


—OH 


11.0 




R,S 


-C 6 H 5 


—CONH— 


-{CH 2 )j- 


—OH 


1.3 


40 


s 


— H 


— CONH — 


— (CH,)*- 


— OC 2 H s 


60 
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— H 


— CONH — 




— 0(CH 2 ) 2 OC 6 H a 


210 
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— H 


— CONH — 


-<CH 2 ) 3 - 


—OH 


80 


46 
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— H 
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— CH 2 CH(CH 3 )— 


—OH 
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— H 


— CONH — 


-{CH 2 )r- 


-OH 


600 
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R,S 


-CF 3 


— CONH — 


— {CH 2 )r- 


-OH 


60 




RrS 




— CONH — 


-*CH 2 )a— 


-OCH 0 


2,200 


56 


S 


— H 


— CONH — 


p-C,H 4 - 


-OC^H, 


63 




R,S 


— H 


— NHCOO — 


— CH(CH,)— 


—OH 


100 


60 


S 


— H 


— CONH— 


— CH 2 CH*(OH>— 


—OH 


25 



65 



stereochemistry (as indicated by R,S, or R,S) 
R,S stereochemistry 
R stereochemistry 
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The following test procedure was utilized to assess the noted compounds' potentiation of the analgesic 
effects of (D-Ala -MeO-enkephalinamide (DAEAM). Background for the use of this procedure is given in 
Chipkin, R. E.. iono, L C. Barnett, A., Berger, J., and Billard, W. f Regulatory Peptides: From Molecular 
Biology to Function, edited by E. Costa and M, Trabucchi, Raven Press, New York, 1982, pp. 235—242. 

Male CF1 mice (13—23 g) from Charles River Breeding Labs, Mass., were used (N=10/dose or dose 
combination). Tail-flick testing was carried out in a manner simiiar to that of Dewey and Harris, Methods in 
Narcotic Research, Eds., S. Ehrenpreis and A. Neidie, pp. 101—109, Marcel Dekker, Inc., New York, 1975 
using a radiant heat noxious stimulus. Following determination of control latencies (typically 2—3 s), the 
mice were first administered (sc or po) either vehicle or drug and after an appropriate interval injected intra- 
cerebroventriculariy (icv) with either vehicle (10 ul of saline) or DAEAM according to Haley and McCormick, 
Br., J. Pharmacol., 7Z 12 (1957). Tailfiick latencies were re-determined 30 minutes later, as this has 
previously been determined to be the time of peak analgesia for DAEAM, and a cut-off of 10 seconds is 
employed. 

By way of example utilizing this procedure, the following parenteral and/or oral ED W values (the dose 
at which half the test animals displayed analgesia) were obtained for compounds having the formulae 
indicated below in Table B. 
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II 



CH 



Compound HO-P-CH _ -CH-Y- 2 -COR 4 

I 2 * 

HO 



25 
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A 


Y 


Z 


R 2 


Oral EDsq, in 
mice (mg/kg) 
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— CONH— 
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—OH 
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30 
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— H 


—CONH— 
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— OCH 2 CH 3 
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20 


35 
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—OH 
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Claims for the Contracting States: BE CH DE FR GB IT U LU ML SE 

1. A compound having the formula I: 



45 



W — P — X — Y — Z — COR 2 
OR' 



SO 



55 



$0 



wherein R 1 is hydrogen, alkyl having from 1 to 6 carbon atoms, 




A or 



in which 

A is hydrogen, halogen, hydroxy, nitro, trifluoromethyi, alkoxy having from 1 to 6 carbon atoms, alkyl 
having from 1 to 6 carbon atoms, 2-or3-thienyl or phenyl which may be substituted with halogen, hydroxy, 
nitro, trifluoromethyi, alkoxy having from 1 to 6 carbon atoms, or alkyl having from 1 to 6 carbon atoms; 

W is R 1 or OR 1 wherein R 1 is as defined above; 

X is — (CHj)p— CHR 3 — or — CHR* — (CH 2 ) P — wherein p is 0 or 1 , and 

R* is 2- or 3-thienylrnethyl, 3-indoryimethyi, alkyl having from 1 to 6 carbon atoms, cydoalkyl having 
from 3 to 7 carbon atoms, cycioalkylmethyi having from 4 to 8 carbon atoms, 



-A or 



-CH. 



55 in which A is as defined above. 
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0 0 0 0 

II • ' II II « 

Y is — NHC — , — CNH — , — NHCNH— . or — NHC — 0 — 

5 z is °'* m ~ ° r P-phenylene, — (CHR 4 ) r — [wherein r is 1, 2. 3, or 4 and R* is independently chosen from 
hydrogen, alley! having from 1 to 6 carbon atoms, hydroxy, alkoxy having from 1 to 6 carbon atoms, cydo- 
alkyl. having from 3 to 7 carbon. atoms, cycioalkylm ethyl having from 4 to 8 carbon atoms. 3-indolylmethyl 
hydroxymethyl, 2-(methyithio)ethyl f 

'° -ch 2 — <f<: 

in which A is as defined above] or — (B) q — B' — B"— [wherein q is 0 or 1, one of the groups, B, B' or B" is 
ts H 






H 

20 in which A is as defined above and the remaining B, B' and/or B" is — CH a — ], 
[with the following provisos: 

when W is OR' and 'Y is NHCO— , r cannot be 1; 
0 

II 

25 when Y is —CNH — r cannot be 1 ; 

0 

II 

when Y is — NHC — 2 may also be— CR*=CR°— 

30 

wherein R a and R b may be the same or different and are chosen from hydrogen, alkyl having from 1 to 6 
carbon atoms, cycloalkyl having from 3 to 7 carbon atoms, cycloalkylmethyl having from 4 to 8 carbon 
atoms, 3-indolylmethyl, hydroxymethyl, 2-tmethylthioJethyl, or together with the carbon atoms to which 
they are attached form a cycloaikenyiene ring having from 5 to 8 carbon atoms, 
35 R 2 is hydroxy, alkoxy having from 1 to 6 carbon atoms, 

-0-(CH 2 ) s A 

40 [wherein s is 0, 1 r 2 or 3], 

0 

II 

— O— <CR 5 R 6 )0CR 7 

^ [wherein R 9 and R 6 may be the same or different and are hydrogen or alkyl having from 1 to 6 carbon 
atoms, and R 7 is 



50 or alkyl having from 1 to 6 carbon atoms], 

0 



SS 

-0-CH 2 -CH-CH 2 0H , -OCH 2 -CH-CH 2 



OH 



sa CH- oH- 

[wherein t is 1 or 2I, j j 



-0-(W 2 )u°-t J! 




ss 
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[wherein u is 1 or 2], 



or NR 8 R 8 wherein R e is 



JO 

R* is hydrogen or alkyt having from 1 to 6 carbon atoms, and wherein A in the groups defined for R 2 is as 
defined above; or a pharmaceutically acceptable salt thereof, in nonsoivated form or a solvate thereof with 
a pharmaceutically acceptable solvent 

2. A compound of formula I, as defined in claim 1, characterised in that R 1 is hydrogen, methyl, ethyl, 
75 phenyl or benzyl; R a is hydroxy, methoxv, ethoxy, phenoxyethyloxy, pivaloyioxymethoxy, 

— OCH a CH— CH 2 OH or — OCH a CH— CH a ; 

' I i 

OH 0 0 

20 X 



W is hydroxy, ethoxy, methyl,- or benzyl; 



CH, CH 3 



25 



Xis 



30 -CHjCH- 
wherein 

A 1 is hydrogen, phenyl, fluorine, chlorine or trifluoro methyl; 
Y is as defined in claim 1 ; 

Z is p-phenylene, or — CH a CHR 41 — , wherein R 41 is hydrogen, hydroxy, metoxy, methyl or benzyl; 
3$ or a pharmaceutically acceptable salt thereof, in non-solvated form or a solvate thereof with a 
pharmaceutically acceptable solvent 

3. A compound of formula 1, as defined in claim 2, characterised in that R 1 is hydrogen; R 2 is hydroxy, 
methoxv, ethoxy, phenoxyethyloxy, pivaloyioxymethoxy, 

40 —0CH 2 CHCH a 0H or — OCHj—CH— CH 2 ; 

I ! = 

OH 0.0 

w is hydroxy; 



50 X is 




55 wherein A 1 is as defined in claim 2 



Y is — CNH— ; and 



Z is p-phenylene or — CH a CHR* 1 — , wherein R 41 is as defined in claim 2: or a pharmaceutically 
so acceptable salt thereof, in non-solvated from or a solvate thereof with a pharmaceutically acceptable 
solvent 

4. A compound as defined in claim 1, wherein Y«=— CONH — namely 
N-[1-oxo-3-phenYl-2-(phosphonomethyl)propyi-p-aianine f 
N-(l-oxo-3-phenyi-2-{phosphonomethyl)propyl-P-alanine ethyl ester, 
65 N-[3-(1,r-biphenyl-4.y!M-oxo-2-(phosphonomethyl)propylI-P-aianine, 
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N-[3-(4-chlorolphenyl-1-oxo-2-{phosphonomethyl)propyl]-P-alanine r 
N-{3-(A-chloro)phenyl-l-oxo-2-(phosphonomethyl)propyl|-p-aianin8 ethyl ester, 
N-[3-(4-fluaro)phenyl-l-bxo-2-(phosphonomethYl)propyl)-3-alanine, 
3-{3-{1 J'-biphenyi^yl)-1-oxo-2-(phosphonomethyl)propyi]amino-2-methylpropanoicacid, 
3-[1-oxo-3-phenyl-2-{phosphonomethyl)propyl]amino-2-methylpropanoic acid f 
3-[3-(4-chioro)phenyl-l^xo-2-{phosphonomethyl)propyl]amino-2-methylpropanoicacid f - 

3- [{4-fluoro)phenyl-1-oxo-2^phosphonomethyl)propyl|amino-2-methylpropanoicacid^ 

4- [1^xo-3-phenyl-2-<phosphonomethyl)propyl]arninobutanoicacid, 
4-[1-oxo-3-phenyl-2-{phosphonornethyl)propyl]aminobenzoic acid 
N-{1 -oxo-3-phenyl-2-phosphonopropyi]-P-aianine 
N-[2WButylhydroxyphosphinyl)methyl-1-oxo-3-phenylpropyl-P-alanine 
N-[2-(Butylhydro^phosphinyl)methyl-1-oxo-3-phenylpropyl-p-alanine ethyl ester 
N-[1-Oxo-2-phosphonomethyl-3-(2-thienYl)propyl]-(3-alanine 
N-(l-Oxo-2-phosphonomethyl-3-{3-thienYl)propyl]-P-alan!ne 
N-[3-(3-lndolylH -oxo*2-Kphosphonornethyl)propyi|-{3-alanine 
N-[1-Oxo-2-(phosphonomethyl)hexyl]-P-alanine 
N-[3-CyciohexyM -oxo-2-(phosphonomethyI)propyl ]-0-alanine 
N42^yclohexyi-l-oxo-2-(phosphonomethy!)ethyl)-3-alanine . 
N-[2-(4-ChJoro|phenYl-1-oxo-2-(phosphonomethYl)ethyiI-P-alanine 
3-[1-Oxo-3-phenyl-2^phosphonomethYl)propyl]amino-2-hydroxypropanoicacid 
3-[1^xo-3-phenyl-2-(phosphonomethyi)propyl]arnino-2-methoxypropanoic acid 
N^1-Oxo-3-phenyl-2-(phosphonomethyl)propyl]-P-alaninep!valayloxymethYl ester 
N-[1<)xo-3-pheny(-2-{phosphonomethYl)propyl]-(3-aianine2-phenoxyethYl ester 
N-[1-Oxo-3-phen^-2-(phosphonomethyl)propyi]-P-alanine4-bromophenacyl ester 
N-[1-Oxo-3-phenyl-2-<phosphonomethyl)propyl]-P«aIanine 2,3-dihydroxYpropyl ester 
N-[1-Oxo-3-phenyl-2-{phosphonomethyl)p>opyi]-P-alanine 2-naphthyloxyethyl ester 
N-[l^xo-3-phenyi-2-{phosphonornethyl)propyl]-p-alaninephthaiidyi ester 
N-{1-Oxo-3-phenyl-2-{phosphonome^ 

N-[l-Oxo-3^henYl^phosphonomethyi)propyi!-P-alanine2^sopropylideneglycerol ester 
N-{1-Oxo-3-phenyl-2-{phosphonomethyi)propyljaminoben2oic acid ethyl ester 
N-[1-Oxo-2-phosphonomethyl-3-(4-trifluoromethyl)phenylpropyl]-3-aIanine. 
N-f1^xp-2^hosphonomethyl-3-(4-trifIuoromethyi)phenYlpropyi]-P-a!anine ethy! ester 
N-[2-(n-ButoxyhydroxyphosphinyI)methyl-1 -oxo-3-phenylpropyl]-P-alanine ethyl ester 
3-{1-Oxo-3-phenyl-2^phosphonomethyi)propYl)amino-2-hydroxymethylpropanoic acid 
3-{1^xo-3-phenyl-2-(phosphonomethyl)propYllamino-2-^cio-propylpropanoicacid 
3-{1^xo-3-phenyl-2-(phosphonomethyl)propYllamm^ acid 

3-[1^xo-3-phenYl-2-(phosphonomethYl) acid 
3-n^o-3-ph8nyi-2-(phosphonomethYl)propYl]amino-2^2^ethYithio)ethylpropanoic acid 

3-{l -Oxo-3-phenyl-2Hphosphonomethyl)propYl]amino-2-phenyipropanoic acid 

3-t1^xo-3s>henyl-2-{phosphonomemYl)prcoY(|amm acid 

3-[1-Oxo-3-phenYl-2Hphosphonomethyl)propYl|am 

3-t1^xo-3-phenyl-2-{phosphonomethyl)prooYi]amino-2^(4^hioro)pheny^ acid 
N-[2-{BenzyihydroxYphosphinyl)methyl-1-oxo-3-phenYipropyl]-P-aianine 
N-[2-(Ben2ylhydroxyphosphinyl)methYi-1-oxo*3-ohenyloropyi]-P-alanine ethyl ester 
HOxo-3-pheny^2-{phosphonomethyl)propyilam acid 
H2-[1^xo-3-phenYl-2-{phosphonomethyl)propYlIamin^ 
add 

2-[1^xo-3-phenyi-2^phosphonomethyl)propYlIaminomethyl-3-phenYl-Z-2-propenoic acid 

2- [2-[1-Oxo-3-phenYi-2-4phosphonomethYi)propYn^ 

3- {TH-Berizimidazol-2-yl)-2-{1^xo-3-phenYi-2^pno30ho^ propanoic add 

2- (1H-Benzimidazol-2-yI)^1^xo^ butanoic add or a 
pharmaceutically acceptable salt of any of the foregoing, in non-soivated form, or a solvate thereof with a 
pharmaceutical acceptable solvent. 

5. A compound as defined in daim 1, wherein Y«— NHCO — namely 

3- Oxo-3-{2-phenYl-1-(phosphonomethYl)ethyl)aminoorooanoicacid 

4- Oxo-4-[2-phenyM ^phosphonomethYOethyllaminooutanoic acid 
4-Oxo-4-[2-phenyM -{phosphonomemyljethYljamino-Z^-butenoic acid 
4^xo^[2-phenyi-1-iphosphonomethYi)BthYi]amino-€-2-Outenoic acid 
4^o^2-(1,V-biphenYl^yl)-1-{phosphonomethvi)«^viiaminobutanoicacid 
4^xo-^[2-(4-fIuoro)phenyl]-1-(phosphonometrry()etrivi larninobuianoic add 
4-[[2-PhenYl-1-(phosphonomethyl)ethYi]aminocaroorp/\ ioenzoic acid, 
3-[r2-Phenyl-1-<phosphonomethYl)ethyllaminocaroonvi :b#nzoic acid, or 

2-{[2-PhenYl-1-{phosphonomethyl)ethYi]amtnocaroonv !ben2oic acid, or a pharmaceutically acceptable 
salt of any of the foregoing, in non-soivated form, or a sonata thereof with a pharmaceutically acceptable 
solvent 
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& A compound as defined in claim 1, wherein Y= — NHCONH — namely 

N-{2-Phenyl-1-<phosphonomethyl)ethylaminocarbonyllglycine 

N-[2-Phenyl-1-(priosphonomethyl)ethylaminocarbonyl]aianine 

N-[2-Phenyl-1-{phosphonomethyi)ethylaminocarbonyl]-3-aianine 
5 N-[2-Phenyl-1-(phosphonomethyl)ethyiaminocarbonyljphenyialanine 

4-[2-Phenyl-1-{phosphonomethy08thylaminocarbonyl]aminoben2oic acid, or a pharmaceutically 
acceptable salt of any of the foregoing, in non-solvated form, or a solvate thereof with a pharmaceutically 
acceptable solvent 

7. A compound as defined in claim 1, wherein Y~— NHCOO— namely 
io 2-[2-Pheny|.1-(phosphonomethyl)ethyl]aminocarbonyloxyacetic acid, 

2- [2-Phenyl-l-{phosphonomethyUethylJaminocarbonyloxYpropanoic acid, 

3- [2-Phenyl-1-(phosphonomethyi)ethyl]aminocarbonyloxypropanoic acid, or a pharmaceutically 
acceptable salt of any of the foregoing, in non-solvated form, or a solvate thereof with a pharmaceutically 
acceptable solvent 

15 8. A pharmaceutical composition comprising a compound of formula I, as defined in any one of claims 
1 to 7, or a pharmaceutically acceptable salt thereof, in solvated or non-solvated form, together with a 
pharmaceutically acceptable carrier or excipient 

9. A compound of formula I, or a pharmaceutically acceptable salt, in solvated or non-solvated form, as 
defined in any one of claims 1 to 7, for use in the inhibition of the action of enkephalinases in a mammal. 
20 10. A process for the preparation of a compound of formula 1 as defined in claim 1, characterized in that 
A) to produce a compound of formula I in which Y is 

0 

II * . • 

— CNH — , 

25 a compound of formula XX is condensed with a compound of formula XXI 

0 0 

II • II 
W — P — X — COOH + NH a — Z — COR a — W — P — X — C 0 N H — Z — C 0 H 2 

30 i I 

OR 1 OR' 

XX XXI 

3S B) to produce a compound of formula l in which Y is 

0 

II 

— NHC — NH — 

40 a compound of formula XXil is reacted with a compound of formula XXIII 
O 0 0 '. 

■ • II II II 

W — P — X — NCO + — Z— COR 2 -* W — P— X — NH CNH — Z — COR 2 

45 I i 

OR 1 OR 1 
XXIi XXiH 

50 C) to produce a compound of formula I in which Y is 

0 

II 

— NHCO— , 

55 

a compound of formula XXIV is reacted with a compound of formula XXV 

0 0 0 

■| I.I , 

60 W-P-X-NCO + HO-Z-COR 2 - W-P-X-N CO-Z-COR 2 

ORi OR 1 
XXIV XXV 

55 
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D) to produce a compound of formula I in which Y is 

0 

I 

— NHC — , 

a compound of formula XXVI is reacted with a compound of formula XXVII 
0 



0 0 

Vv-P-X-NH 2 + H0 2 C-Z-C0R 2 -^ W J-X-NHC-Z-COR 2 

I 

OR 1 



I 

OR 1 



XXVI XXVII 

E) to produce a compound of formula I in which at least one of W, OR 1 and R 2 is hydroxy, a compound 
having the formula XXVIII 



0 

W— P—X— Y— Z— COR 2 ' XXVIII 

I • 
OR" 

in which 

W is R 1 as defined in claim 1 or is an esterified hydroxy group which may be the group OR 1 , 
OR" is hydroxy or an esterified hydroxy group which may be the group OR 1 , 
R 2 * is hydroxy,. — NR e R B as defined in claim 1, or an esterified hydroxy group which may be an esterified 
hydroxy group as defined for R 2 in claim 1 f 

at least one of W, OR" and R* being an esterified hdyroxy group, is subjected to a de-esterification 
reaction whereby at least one esterified hydroxy group W f , OR" or OR 2 , (and essentially any esterified 
hydroxy group not being as defined by W, OR 1 or R 2 in claim 1 ), is converted to hydroxy, so as to produce a 
compound of formula I, in which at least one of W, OR 1 and R 2 is hydroxy; 

F) to produce a compound of formula I in which at least one of W, OR 1 and R 2 is an esterified hydroxy 
group, 

a compound of formula I as defined in daim 1, in which at least one of the group W, OR 1 and R 2 isa hydroxy 
group, is subjected to an esteriflcation reaction whereby at least one such group is converted to an 
esterified hydroxy group as defined by W, OR 1 or R 2 respectively in claim 1, 

wherein in the above process A to FW,X, Y, Z,R ! and R 2 are as defined in claim 1 and any functional groups 
are protected if necessary or desired, said process A, B, C, D, E or F being followed by removal of any 
protecting groups, if necessary or desired, from the resulting compound of formula l f and isolation of the 
compound of formula I as such or as a pharmaceutically acceptable salt, in non-soivated form or as a 
solvate with a pharmaceutically acceptable solvent. 



Claims for the Contracting State: AT 

1. A process for the preparation of a compound of the general formula I 

0 

i ' 

> w — P — X — Y — Z — COR 2 



wherein R 1 is hydrogen, alkyl having from 1 to 6 carbon atoms, 
in which 

A is hydrogen, halogen, hydroxy, nitro, trifluoromethyl, alkoxy having from 1 to 6 carbon atoms, alkyl 
having from 1 to 6 carbon atoms, 2- or3-thienyl or phenyl which may be substituted with halogen, hydroxy, 
nitro, trifiuoromethyl, alkoxy having from 1 to 6 carbon atoms, or alkyl having from 1 to 6 carbon atoms; 

W is R 1 or OR 1 wherein R 1 is as defined above; 
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X is — (CH a ) p — CHR 3 — or — CHR 3 — {CH 2 ) 0 — wherein p is 0 or 1, and 

R 3 is 2- or 3-thienylmethyI, 3-indolylmethyi, alkyf having from 1 to 6 carbon atoms, cycloalkyl having 
from 3 to 7 carbon atoms; cycioalkylmethyl having from 4 to 8 carbon atoms, 





in which A is as defined above, 



10 



0 0 0 0 

II II II II 

Y is — NHC — , — CNH — , — NHCNH — , or— NHCO— 

is Z is o% m- or p-phenylene, — <CHR 4 ) r — [wherein r is 1, 2, 3, or 4 and R 4 is independently chosen from 
hydrogen, alkyi having from 1 to 6 carbon atoms, hydroxy, alkoxy having from 1 to 6 carbon atoms, cyclo- 
alkyl having from 3 to 7 carbon atoms, cycioalkylmethyl having from 4 to 8 carbon atoms, 3-mdolylmethyl, 
hydroxymethyl, 2-( methyl thiol ethyl, 



20 tT^i a -CH 2 






in which A is as defined above] or — (B) q — 3' — B" — [wherein q is 0 or 1, one of the groups, 5, B' or B" is 

H 

30 in which A is as defined above and the remaining 8, B' and/or B" is — CH a — ], 
[with the following provisos: 

0 

II 

when W is OR 1 and Y is — NHC— , r may not be 1 ; 

35 

0 

II 

when Y is — CNH — r may not be 1 ; 

40 o 

" II 

when Y is — NHC — Z may also be — CR*=CR°— 

wherein R* and R b may be the same or different and are chosen from hydrogen, alky! having from 1 to 6 
*5 carbon atoms, cycloalkyl having from 3 to 7 carbon atoms, cycioalkylmethyl having from 4 to 8 carbon 
atoms, 3-indolylmethyi, hydroxymethyl, 2-{methyithio)ethyl. or together with the carbon atoms to which 
they are attached form a cycioalkenylene ring having from 5 to 8 carbon atoms; 
R 2 is hydroxy, alkoxy having from 1 to 6 carbon atoms, 

so 

-0-(CH 2 ) s X]}— A 

[wherein 8 is 0, 1, 2 or 31, 

SB 0 

II 

-0HCR 8 R 6 )0CR r 

[wherein R* and R* may be the same or different and are hydrogen or alkyl having from 1 to 6 carbon 
go atoms, and R? is 



-CH„ ^ so, 




65 or alkyl having from 1 to 6 carbon atoms!, 
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o 



*-O-CH 2 .CH-CH 2 0H ( -0CH 2 -CH-C* 2 
OH i^j 

[wherein t is 1 or 2], 3 3 




75 [wherein u is 1 or 2], 



20 

or NR a R° wherein R* is 



25 

R is hydrogen or aikyl having from 1 to 6 carbon atoms, and wherein A in the groups defined for R 2 is as 
defined above; or of a pharmaceutical^ acceptable salt, in solvate or non-solvate form, said process being 
characterised in that 

A) to produce a compound of formula I in which Y is 
30 0 

II 

— CNH — , 

a compound of formula XX is condensed with a compound of formula XXI 

3S 

o o . 

W— P-X-COOH + NHj — Z — COR* -» W — P — X — CONH — Z — COR 2 

t I . 

40 0R < OR 

XX XXI 

B) to produce a compound of formula I in which Y is 

45" 

0 

II 

— NHC — NH — 

50 a compound of formula XXII is reacted with a compound of formula XXIII 

0 0 0 

W— P— X— NCO + NH 2 — Z — COR 2 — ► W — P — X — NHC — NH — Z — COR* 

55 , | 

OR' OR' 

XXII XXIII 

60 C) to produce a compound of formula I in which Y is 

0 

I! 

— NHCO — , 

•65 a compound of formula XXIV is reacted with a compound of formula XXV 
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o 0 0 

II II II 

W-P-X— NCO + H0-Z-COR 2 ^ W-P-X-N CO-Z-COR 2 
5 OR' OR' 

XXIV XXV 

70 D) to produce a compound of formula ! in which Y is 

0 

II 

— NHC — , 

7 5 a compound of formula XXVI is reacted with a compound of formula XXVII 

0 0 0 

1 II 

W — P — X — NH a + H0 2 C-Z-COR 2 - tfA-P— X— NHC-Z-COR 2 
20 i ' 

OR' OR' 

XXVI XXVI I 

25 E) to produce a compound of formula I in which at least one of W, OR 1 and R 2 is hydroxy, a compound 
having the formula XXVIII 

0 

I 

30 W — P — X — Y— Z — COR 2 ' XXVIII 

I 

OR" 

in which 

3S W is R' as defined in claim L or is an esterified hydroxy group which may be the group OR', 
OR" is hydroxy or an esterified hydroxy group which may be the group OR 1 , 

R* is hydroxy, — NR B R 9 as defined in claim 1, or an esterified hydroxy group which may be an esterified 
hydroxy group as defined for R 2 in claim 1, 

at least one of W, OR" and R r being an esterrfied hdyroxy group, is subjected to a de-esterification 
40 reaction whereby at least one esterified hydroxy group W\ OR" or OR 2 , (and essentially any esterified 
hydroxy group not being as defined by W, OR' or R 1 in claim 1), is converted to hydroxy, so as to produce a 
compound of formula I, in which at least one of W, OR' and R 2 is hydroxy; 

F) to produce a compound of formula I in wnich at least one of W, OR 1 and R 2 is an esterified hydroxy 
group, 

45 a compound of formula I as defined in claim 1, in which at least one of the group W, OR 1 and R a is a hydroxy 
group, is subjected to an esterification reaction whereby at least one such group is converted to an 
esterified hydroxy group as defined by W f OR' or R J respectively in claim 1, 

wherein in the above process A to F W, X, Y, Z, R' and R 2 are as defined in claim 1 and any functional groups 

are protected if necessary or desired, said process A. B, C f D, E or F being followed by removal of any 
50 protecting groups, if necessary or desired, from the resulting compound of formula l r and isolation of the 

compound of formula I as such or as a pharmaceutical^ acceptable salt in non-soivated form or as a 

solvate with a pharmaceutically acceptable solvent. 

2. A process as defined in claim 1, characterised In that there is produced a compound of formula I as 

defined in ciaim 1, in which R 1 is hydrogen, methyl, ethyl, phenyl or benzyl; R a is hydroxy, methoxy, ethoxy, 
55 phenoxyethyloxy, pivaioyioxymethoxy, 

— 0CH a CH— CH a 0H or —001,04— CH 2 ; 

I ! 
OH 

2H, CH, 

W is hydroxy, ethoxy, methyl, and benzyl; 



60 
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X is 



wherein 

A 1 is hydrogen, phenyl, fluorine, chlorine or trifluorornethyl; 
/o Y is as defined. in claim 1; and,. 

Z is p-phenyiene, or — CH 2 CHR 41 — , wherein R 41 is hydrogen, hydroxy, metoxy, methyl or benzyl; 
or a pharmaceutical^, acceptable salt thereof, in soivated or non-solvated form. 

3. A process as defined in claim 2, characterised in that there is produced a compound of formula I as 
defined in claim 2, in which R 1 is hydrogen; R 2 is hydroxy, methoxy, ethoxy, phenoxyethyloxy, pivaioyioxy- 
1$ methoxy, 

— OCH a CH— CH 2 0H or — OCH a 'CH— Cft a ; 
I I I 

OH 3<° 
20 CH 3 CH 3 

W is hydroxy; 



25 X is 




30 

wherein A 1 is as defined in claim 2; 



35 



0 

11 

Y is — CNH — ; and 



Z is p-phenylene or — CH 2 CHR 41 — , wherein R 41 is as defined in claim 2; or a pharmaceutical^ 
acceptable salt thereof, in soivated or non-solvated form. 

4. A process as defined in claim 1, wherein there is produced compound having Y=— -CONH — namely 
■4o N-[1-oxo-3-phenyi-2-(phosphonomethyl)propyl-p-alanine, 

N-[1 -oxo-3-phenyl-2-{phosphonomethYl)propyl-P-alanine ethyl ester, 
N-[^1 r 1'-biphenyi-4-yl)-1-oxo-2-{phosphonomethyi)propyl]-P-alanine, 

N-tSM^hiorolphenyi-l-oxo^phosphonomethyDpropYil-p-a'ariinef 
N-[3^4-chloro)pheny|-1-oxo-2-(phosphonomethyi)propyl]-P-aianine ethyl ester, 
4S N-[3-(4-fiuoro)phenyl-l-oxo-2-(phosphonomethyl)propyl]-3-alanine ( 

3-[3-(1 f l'-bipheny(-4-yl)-1-oxc-2^phosphonomethyl)propyl]amino-2-methYipropanoic acid, 

3-[1-oxo-3-phenyl-2-(phosphonomethyl)propyl]amino-2-methyipropanoicacid f 

3-[3-(4-chloro)phenyl-1-oxo-2-(phosphonomethyl)propyilamino-2-methylpropanoicacid f 

3- [(4-fluoro)phenyl-1-oxo-2-{phosphonomethyi)propyllamino-2-methylpropanoicacid, 
so 4-[1-oxo-3-phenyl-2-<phosphonomethyl)propyl]aminobutanoicacid, 

4- [1-oxo-3-phenyi-2-(phosphonomethyi)propYi]aminobenzoicacid 
N4l-axo-3-phenyl-2-pho3phonopropYl]-p-alanine 
N-t2-(Butylhydroxyphosphir^I)methyl-1-oxo-3-phenYlpropyl-3-alanine 
N^^ButylhYdroxYphosphinvlimethyM ester 

55 N-t1-Oxo-2-phosphonomathyi-3-<2-thienYl)propyi]-P-alanine 
N-{1-Oxo-2-phosphonom8thyl-3-(3-thienYi)propYl1-P-alanine 
N-f3-{3-lndolYlH-oxo*2-{phosphonomethYl)propyl]-p-alanine 
N-[1 -Oxo-2-{phosphonomethy1)hexyl]-p-atanine 
N-[3-Cyclohexyl-1-oxo-2-{phosphonomethYl)propyll-&-alanine 

so N-(2-CyciohexyM-oxo-2-(phosphonomethYl)ethyl]-3-alanine 

N-{2-<4-Chloro)phenyl-.1-oxo-2-(phosphonomethYl)ethyl]-3-alanine 
3-(1-Oxo-3-phenyl-2-<phosphonomethyl)propyi]amino-2-hYdroxYpropanoic acid 
3-{1 -Oxo-3-phenyl-2-{phosphonomethyl)propy1 jamino-2-methoxypropanoic acid 
N-{1-Oxo-3-phenyi-2-(phosphonomethyOpropyl]-0-a(aninepivaiOYloxymethYl ester 

65 . N-{1.0xo-3-phenyl-2-{phosphonomethYl)propyl]-P-aianine 2-phenoxyethyl ester 
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N^1^xo^-phenyl-2-(phosphonornethyl)propyI]-^-aianine4-bromophenacyl ester 
N-[l-Oxo-3-pheny|.2-(phosphonomethyl)propyll-P-alanine 2,3-dihydraxypropyl ester 
N-[1-Oxo-3-phenyl-2-<phosphonomethyl)propyI]-P-aianine 2-naphthyloxyethyl ester 
N-[1-Oxo-3-phenyl-2-(phosphonomethyI)propyl]-(3-alanine phthalidyl ester 

5 N-{1-Oxc-^phenyl-2-<phosphonomethyl)propy 

N-[1-Oxo-3-phenyi-2-{phosphonomethyl)propyl]-p-alanine 2,3-isopropylideneglycerol ester 

N-[1-Oxo-3-phenyl-2-(phosphonomethyl)propyl]aminoben2oic acid ethyl ester 

N-{1-Oxo-2-phosphonomethyl-3-(4-trifluorornethyl)phenyipropyi|-p-alanine 

N-[1 -Oxo-2-phosphonomethyl-3-{4-trifIuoromethyl)phenyipropyl]-p-aianine ethyl ester 

10 N-[2-{n-ButoxyhydroxYphosphinYi)methyi-1-oxo-3-phenylpropyi]-P-alanine ethyl ester 
3-[1-Oxo-3-phenyl-2-(phosphonomethyl)propyl]amino-2-hydroxymethylpropanoic acid 
3-{1-Oxo-3-phenyl-2-{phosphonomethyl)propyl]amino-2-cyclo-propylpropanoic acid 
3-[1-Oxo-3-phenyl-2-(phosphonomethyl)propyl]amino-2-(cyciopropyI)methylpropanoicacid 
3-[1-Oxo-3-phenyl-2-(phosphonomethyl)propyl]amino-2-{3-indolyl)methylpropanoic acid 

75 3-[1-Oxo-3-phenyl-2-(phosphonomethyl)propyl]amino-2-{2-methylthio)ethylpropanoicacid 
3-[1-Oxo-3-phenyl-2-(phosphonomethyl)propyl]amino-2-phenylpropanoicacid 
3-{1-Oxo-3-phenyl-2-{phosphonomethyl)propyl]amino-2-{4-chloro)phenylpropanoicacid 
3-[1-Oxo-3-phenyl-2-<phosphonomethyl)propyl]amino-2-{phenyl)methylpropanoicacid 
3-[1-Oxo-3-phenyl-2-{phosphonomethyl)propyi]amino-2-{{4-chloro)phenyl)methylpropano acid 
20 N-{2-(Benzyihydroxyphosphinyl)mettiYl-1-oxo-3-pher)ylpropYl]-3-alanine 

N-[2-{BenzylhydroxYphosphinyl)methYl-1-oxo-3-phenylpropyl]-p-alanine ethyl ester 
l-[Oxo-3-phenyl-2-{phosphonomethyl)propyl]amino-methyl-3 r 4-ben2o<yciopentene-1-carboxylic acid 

1- [2-l1-Oxo-3-phenyl-2-{phosphonomethyl)propyl]amino]^ 

acid 

25 2-[1^xo-3-phenyl-2-{phosphonomethyl)propyl]aminomethy!-3-phenyl-Z-2-propenoicacid 

2- {2-[l-Oxo-3-phenyl-2-{phosphonomethYl)propyl]amino]e^^ 

3- (1H-Ben2imidazol-2-yl)-2-[1-oxo-3-phenyl-2-(phosphonomethyl)propyl]aminomethyl propanoic acid 

2- {1H-Benzimidazoi-2-yl)^-[1^xc-3-phenyi-2-{phosphonometh^)propYl]amino butanoic acid or a 
pharmaceuticaily acceptable salt of any of the foregoing, in solvated or non-solvated form. 

30 5. A process as defined in claim 1, wherein, there are produced compounds having Y= — NHCO — 
namely 

3- Oxo-3-[2-qhenyl»1-{phosphonomethyl)ethyi1aminopropanoicacid 
4^xo^{2-phenyl-1-(phosphonomethyl)ethyl]aminobutanoicacid 

4- Oxo-4-[2-phenyl-1-{phosphonomethyi)ethyl]amino-Z-2-butenoic acid 
35 4-Oxo-4-[2-phenyM -{phosphonomethyi)ethyljamino-E-2-butenoic acid 

4-Oxo-4-[2-il,V-biphenyl-4-ylM-{phosphonomethyl)ethyllaminobutanoic acid 
4-Oxo-4-{2-{4-fluoro)phenyl]-1-{phosphonomethyl)ethyl]aminobutanoic acid 
4-[[2-Phenyl-1-{phosphonomethyi)ethyi]aminocarbonyi]ben2oic acid, 

3- {[2-PhenyM -<phosphonomethyl)ethyl]aminocarbonyi jbenzoic acid, or 

40 2-{[2-Phenyl-l-(phosphonomethyl)ethyl]aminocarbonYl]benzoic acid, or a pharmaceuticaily acceptable 
salt of any of the foregoing, in solvated or non-solvated form. 

6. A process as defined in claim 1, wherein there are produced compounds having Y= — NHCONH— 
namely 

N-[2-Phenyl-1-(phosphonomethyi)ethyiaminocanbonYl]glycine 
45 N-[2-PhenyM-(phosphonomethyl)ethYiaminocarbonyl]alanine 

N-[2-Phenyl-1-{phosphonomethyl)ethyiaminocarbonYl]-P-aianine 
N-[2-Phenyl-Hphosphonomethyl)ethylaminocarbonyl]phenylalanine 

4- {2-Phenyl-1-{phosphonomethYl)ethY!aminocarbonyl|aminoben2oic acid, or a pharmaceuticaily 
acceptable salt of any of the foregoing, in solvated non-solvated form. 

50 7. A process as defined in claim 1, wherein there are produced compounds having Y— NHCOO — 
namely 

2-{2-Phenyl-HphosphonomethYl)ethY!]aminocarbonyloxYacetic acid, 

2- [2-PhenYl-HphosphonomethY!>ethyllaminocarbonyloxYpropanoic acid, 

3- [2-Phenyl-1-<phosphonomethYi)ethyliaminocarbonYloxypropanoic acid, or a pharmaceuticaily 
SB acceptable salt of any of the foregoing, in solvated or non-solvated form. 

8. A process for the preparation of a pharmaceutical composition, characterised in that a compound of 
formula I as defined in any of the preceding claims, or a pharmaceuticaily acceptable salt thereof in 
solvated or non-solvated form, is mixed with a pharmaceutical^ acceptable carrier or excipient 

9. A process for the preparation of a pharmaceutical composition, characterised in that a compound of 
60 formula I or a pharmaceuticaily acceptable salt thereof, in solvated or non-solvated form, prepared by the 

process of any one of claims 1 to 7, is mixed with a pharmaceuticaily acceptable carrier or excipient. 
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Patentanspruche fur die Vertragsstaaten: BE CH DE FR GB IT U LU NL SE 

1. Verbindung der Strukturformel I 
* " 0 

W — P — X — Y — Z — COR 2 

I 

OR 1 

to 

in der 

R 1 Wasserstoff, Alky! mit 1 bis 6 Kohlenstoff-Atomen, 



75 I 4— A Oder 2 




wonn 



^ A Wasserstoff, Halogen, Hydroxy/ Nitro, Trffluoromethyl, Alkoxy mit 1 bis 6 Kohlenstoff-Atomen, Alkyl 
mit 1 bis 6 Kohlenstoff-Atomen, 2-oder 3-Thienyl oder Phenyl ist, das durch Halogen, Hydroxy, Nitro 
20 Tnfluoromethyi, Alkoxy mit 1 bis 6 Kohlenstoff-Atomen oder Alkyl mit 1 bis 6 Kohlenstoff-Atomen 
substituiert sein kann; 

W R 1 oder OR 1 ist worin R 1 die oben angegebenen Bedeutungen hat; 

X - (CH 2 ) p CH R 3 — oder — CHR S — (CH 2 ) P — ist, worin p 0 oder 1 ist und R 3 2- oder 3-Thtenyimethyl, 3- 
Indoiylmethyl, Alkyl mit 1 bis 6 Kohlenstoff-Atomen, Cydoalkyl mit 3 bis 7 Kohlenstoff-Atomen, 
2S Cycioaikylmethyl mit 4 bis 8 Kohlenstoff-Atomen, 




-CH, 
-A oder * 
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ist, worin A die oben angegebenen Bedeutungen hat 

v 0 0 0 0 

111 H 

— NHC — , — CNH — , — NHCNH — oder — NHC — 0 ist; 

Z o-, m- oder p-Phenylen, — (CHR 4 ),— [worin r 1, 2. 3 oder 4 ist und R 4 unabhangig ausgewahlt ist aus 
Wasserstoff, Alkyl mit 1 bis 6 Kohlenstoff-Atomen, Hydroxy, Alkoxy mit 1 bis 6 Kohlenstoff-Atomen, 
Cydoalkyl mit 3 bis 7 Kohlenstoff-Atomen, Cycioaikylmethyl mit 4 bis 8 Kohlenstoff-Atomen, 3- 
Indolyimethyl, Hydroxym ethyl, 2-{Methylthio (-ethyl, 

-CH. — < v> 




.A oder 2 





46 S^ppenQ, Bedeut ^ n 9 en hat l oder-{B),-B'-B"- ist [worin q 0 oder 1 ist. eine 

H 

-A s >-CH 2 -<pT^ oder>i-Q_ A 

^ H ' 

ist worin A die oben angegebenen Bedeutungen hat. und die verbleibenden Gruppen B, B' und/oder B" 
— Cn 2 — sindl, 

[mit den folgenden MaSgaben, dag 
55 wenn W OR' ist und Y -NHCO ist, r nicht 1 sein kann; 
0 

v H 

wenn Y _c NH _ ^ r nicnt , sejn ^ 
60 0 

II- 

wenn Y — NHC— 

tst, Z auch — CR^CR*— sein kann, worin R m und R° gleich oder verschieden sein korinen und aus 
ss Wasserstoff, AJkyi mit 1 bis 6 Kohlenstoff-Atomen, Cydoalkyl mit 3 bis 7 Kohlenstoff-Atomen, 
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Cydoalkymethyl I mil : 4 bis 8 Kohlenstofff-Atomen. 3-)ndolylmethyl, Hydroxym ethyl, 2-{Methylthio)-flth v l 
ausgewahit smd oder zusammen mit den Kohlenstoff-Atomen, an die sie gebunden 3 3 
Cydoalkenylen-Ring mit 5 bis 8 Kohlenstoff-Atomen bilden; ' emen 

R 2 Hydroxy, Alkoxy mit 1 bis 6 Kohlenstoff-Atomen, 

-C-fcH 2 ) s ""Q * 

[worin s 0, 1, 2 oder 3 istl, 

■? 

— O— {CR*R a )OCR r 

(worin R* und R 8 gleich oder verschieden sein konnen und Wasserstoff oder Alkyl mit 1 bis 8 Kohlenstoff- 
is Atomen sind und R 7 




20 Oder Alkyl mit 1 bis 6 Kohlenstoff-Atomen ist], 
0 



-0CH 2 C 



-0-CH 2 -CH-CH OH , -0CH,-CH-CH, 
OH h J 

30 . CH 3 CH 3 



[worin 1 1 oder 2 ist], 

35 

[worin u 1 oder 2 ist], 

40 

oder NR a R fl , worin R* 

45 





ISt, 

R fl Wasserstoff oder Alkyl mit 1 bis 6 Kohlenstoff-Atomen ist und • 
50 worin A in den fur R a definierten Gruppen die oben angegebenen Bedeutungen hat, 

oder ein pharmazeutisch annehmbares Salz derseiben, in nicht-soivatisierter Form oder ats Solvat 
derselben mit ainem pharmazeutisch annehmbaren Ldsungsmittel. 

2. Verbindung dor Formei I, wie in Anspruch 1 definiert, dadurch gekennzeichnet daS 

R' Wasserstoff, Methyl, Ethyl, Phenyl oder Benzyl ist; 
55 R* Hydroxy, Methoxy, Ethoxy, Phenoxyethyloxy, Pivaloyfoxymethyloxy, 

— OCHjCH— CH 2 OH Oder _OCH 2 CH-CH a 

I II 
OH 0 0 



60 



X 

CH 3 CH, 



55 



ist; 

W Hydroxy, Ethoxy, Methyl oder Benzyl ist; 
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ist 

worin A 1 Wasserstoff, Phenyl, Fluor, Chlor oder Trifluoromethyl ist; 
Y die in Anspruch 1 angegebenen Bedeutungen hat; 

2 p-Phenylen oder— CH 2 CHff"— ist worin R* 1 Wasserstoff, Hydroxy, Methoxy, Methyl oder Benzyl isf 
oder ein pharmazeutisch annehmbares Salz derselben, in nicht-solvatisierter Form oder afs Solvat 
derselben mit einern pharmazeutisch annehmbaren Losungsmittel. 

3. Verbindung der Formal !, wie in Anspruch 2 definiert, dadurch gekennzeichnet daG R T Wasserstoff 
ist; R 2 Hydroxy, Methoxy, Ethoxy, Phenoxyethyloxy, Prvaloyloxymethyioxy, 

— OCH 2 CH—CH 2 OH Oder— OCH a — CH— CH a 

I II- 
OH 0 0 



CH 3 CH, 



ist; 

W Hydroxy ist; 



-CH 2 CH- 

ist 

worin A 1 die in Anspruch 2 angegebenen Bedeutungen hat; 

0 

• Y il . . 

— CNH — ist und 

2 p-Phenylen oder — CH 2 CHR 41 — ist worin R* 1 die in Anspruch 2 angegebenen Bedeutungen hat; 

oder efn pharmazeutisch annehmbares Saize derselben, in nicht-solvatisierter Form oder als Solvat 
derselben mit einem pharmazeutisch annehmbaren losungsmittel. 

4. Verbindung, wie in Anspruch 1 definiert. worin Y - — CONH — , namiich 

N-{1-Oxo-3-phenyl-2-{phosphonomethyi)prooyi|-0-alanin, 

N-{1-Oxo-3-phenyi-2-(phosphonomethyl)prooyi]-^alanin-ethylester, 

N-[3-{1 ,1 '-Siphenyi^yD-l-oxo-Z^phosphonomethyilpropyll-p-aianin, 

N-[3-{4-Chloro)phenYl-1-oxo-2-{phosphonomethyi)proDyil-P-aianin, 

N-[3^4^hloro)phenyl-1^xo-2^phosphonornethYl)proDylj-P-alanin-ethylester, 

N-{3-{4-Ruoro)phenyl-1-oxo-2-{phosphonomethyl)proDy<l-0-aIanin r 

3-[3-{1 r r-Biphenyl-4^(M^xc-2-{phosphonomet^ 

3-{1-Oxo-3-phenyi-2-(phosphonomethYl)propy0am!no-2-methyipropans3ure, 
3-[3-(4^hioro)pherryM-oxo-2^phosphonometo^^ 

3- [3-(4-Ruoro)phen^-1-oxo-2^phosphonomethyl)proc^llamino-2-methylpropansaure, 

4- t1-Oxo-3-phenyl-2-(phosphonomethyl)propyl]amino-2-butansaure r 
4-[1^o-3-phenYi-2^phosphonomethyi)prapylJarnino-2-benzoesaure r 
N-t1-Oxo-3-pheny(-2-phosphonopropYl]-0-aianin, 
N42^ButylhYdroxyphasphinyl)methY^^^ 
N^2-{ButyfhYdroxYphosphinyl)methyl-1-oxo-3-phanY*oro^ 
N-[1^o-2-phosphonomethyl-3^2-thienYl)propyl}-P-«i*nin, 
N-[1^xo-2-phosphonomethyi-3-(3-thienYl)propylJ-^-«ianin. 
N-[3-(3-lndolyl)-1-oxo-2-{phosphonomethyl)propY<W-«ianin. 
N-{1-Oxo-2-{phosphonomethyl)hexylJ-(3"alanin. 
N-t3-CycJohexYl-lKJXo-2-(phosphonomethyl)propyil-d-«tanin ( 
N-{2-Cyciohexyi-1«oxo-2-{phosphonomethYl)ethYma-«i*nin. 
N-[2-(4-Chloro)phenyM -oxo-2-(phosphonomethyl)«trrvi !-3-aianin, 
3-(l^xo-3-phenyl-2-{phosphonomethyi)propyi]am(no- < t-ftYaroxYpropansaure, 
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34l^xo-3-phenyl-2-(phasphonomethy!)propyIlaminc^2-methoxypropansaure f 

N-[l-Oxo-3-phenyl-2-(phosphonomethy()propyll-&-alanin-pivaloyloxymethylester, 

N-fVOxo-S-phenyl^-iphosphonomethyOpropylj-p-aianin^-phenoxyethyiester, 

N-[1^xo-3-phenyi-2-(phosphonomethyf)propyl]-f^aianin-^bromophenacylest8r, 

N-[1<lxo-3-phenyl-2-(phosphonomethyl)propyl]-3-alanin-2 P 3-dihydroxypropylester l 

N-[1<)xo-3-phenyl-2-{phosphonomethyl)propyi]-p-aianin-2-naphthoyloxyethyiester, 

N-{1-Oxo-3-phenYl-2-(phosphonomethyl)propyl]-P-alanin-phthaiidylester r 

N-[1<)xo-3-phenyi-2-(phosphonomethyl)propyl]-0-alanin-2-methylphenylamid, 

N-[1-Oxo-3-phenyl-2-{phosphonomethYl)propy^ 

4-[1-Oxo-3-phenyi-2-{phosphonomethyi)propyl)aminoben2oesaureethyiester, , 

N-[1-Oxo-2-phosphonomethyi-3-(4-trifluoromethyl)phenylpropyll-j3-aianin f 

N-[l^xo-2-phosphonomethyl-3-(4-tnflu^ 

N-[2-(n-Butoxyhydroxyphosphinyi)methyl-1-oxo-3-phenylpropyll-P-alanin-ethyIester r 

341-Oxo-3-phenyN2-(phosphonomethyi)propyl]amino-2-hydroxymethylpropansaure, 

3-{1<)xo-3-phenYl-2-(phosphonomethyl)propyl]amino-2-cyciopropylpropansaure # 

3-{10xo-3-phenyi-2-(phosphonomethyl)propyi]amino-2-{c^clopropyi)methylpropansaure f 

34l-Oxo-3-phenyl-2Mphosphonomethyl)propy 

3-[1-Oxo-3-phenyl-2-(phosphonomethyl)propyl]amino*2-(2-methylthio)ethylpropansaure f 

3-[1-Oxo-3-phenyl-2-<phosphonomethyl)propyllamino-2-phenylpropansaure, 

3-{l^xo-3-phenyi-2-{phosphonomethyl)propyi]amino-2-(4-chioro)phenylpropansaure, 

3-{1-Oxo-3-phenyl-2-(phosphonomethyl)propyljamino-2-(phenyi)methylpropansaure, 

3-{1<)xo-3-phenYl-2-{phosphonomethyl)pfopy^ 

N-[2-{Benzylhydroxyphosphinyl)methyi-1-oxo-3-phenylpropyl]-3-alanin, 

N-{2-{BenzYihydroxYphosphinyl)methyl-1-oxo-3-phenylpropyl]-0-aianin-ethylester, 

1^1-Oxo-3-pheny(-2-(phosphonomethyl)propyl]aminomethyl-3,4-benzo-cyclopenten-1<arb^ 

1- [2-{1^xo-3-phenyl-2^phosphonomethyl)propyl]amino]-ethyl-3Aben20-cyclopenten-^ 
2*[1^xo-3-phenyl-2-{pho3phonomethyi)propyl]aminc>methyl-3-phenyi-Z-2-propensaure # 

2- [241-Oxch3-phenYi*2-{phosphonomethyi)propyl]ami^^ 

3- {1H-Benzimidazoi*2-yl)-2-[1-oxo-3-phenyl-2-{phosphonomethyl)propyl]aminomethyipropansaure 
2^1H-Benzimidazol-2-yl)^{1-oxo-3-phenyl-2-{phosphonomethyl)propyl]aminobutansaure, 

Oder ein pharmazeutisch annehmbares Salz irgendainer der vorgenannten Verbindungen, in nicht- 
solvatisierter Form oder als Soivat derselben mit einem pharmazeutisch annehmbaren Ldsungsmittei. 

5. Verbindung, wie in Anspruch 1 definiert, worin Y - — NHCO — , namlich 

3- Oxo-3-{2-phenyl-1-(phosphonomethyl)ethyi]amino-propansaure, 

4- Oxo-4-{2-phenyi-1-(phosphonomethyl)ethyljarnino-butansaure f 
4-Oxo^2-phenyl-1-{phosphonomBthyl)ethYijamino-2-2-butensaure, 
4-Oxo-4-{2-ph6nyl-1-(phosphonomethyi)ethy[jamino-E-2-butensaure, 
4^xo^{2-(l f V-bipheny|wUyl)-1^phosphonomethyi)ethyl]aminobutansaure r 
4-Oxo^{2-(4.fluoro)phenyl].1-(phosphonorTiethyl)ethylJaminobutansaure, 
4-{[2-Phenyi-1-{phosphonomethyl)etriyilaminocarbonyl]benzoes3ure f 

3- [[2-Phenyl-1-{phosphonomethyi)ethyijaminocarbonylIbenzoesaure Oder 
2-{[2-PhenYl-1-{phosphonomethyliethyljaminocarbonyilbenzoesaure f 

Oder ein pharmazeutisch annehmbares Salz irgendeiner der vorgenannten Verbindungen p in nicht- 
soivatisierter Form oder als Soivat derseiben mit einem pharmazeutisch annehmbaren Ldsungsmittei. 

6. Verbindung, wie in Anspruch 1 definiert, worin Y = — NHCONH — , namlich ' 
N-[2-Phenyl-1-<phosphonomethyl)ethyiaminocarbonyl]glycin f 
N-[2-Phenyi-Hphosphonomethyl)ethylaminocarbonyl]alanin, 
N-{2-Phenyi-1-(phosphonomethyi)ethylaminocarbonyi]-P-aianin r 
N-{2-Phenyi-1-<phosphonomethyl)ethYlaminocarbonyf]phenYialanin, 

4- [2-Phenyl-Hphosphonomethyi)ethyiaminocarbonyl]aminobenzoesaure f 

oder ein pharmazeutisch annehmbares Saiv irgendeiner der vorgenannten Verbindungen, in nicht- 
soivatisierter Form oder als Soivat derselben mit einem pharmazeutisch annehmbaren Ldsungsmittei. 

7. Verbindung, wie in Anspruch 1 definiert, worin Y « — NHCOO— , namlich 
2-{2-PhenYl-Hphosphonomethyi)ethyl]aminocarbonyloxyessigsaure r 

2- [2-PhenYi-1-{phosphonomethyljetriyl]aminocarbanyioxypropans5ure, 

3- [2-PhenYM-{phosphonomethYi)ethyl]aminocarbonyloxypropansaure, 

oder ein pharmazeutisch annehmbares Salz irgendeiner der vorgenannten Verbindungen, in nicht- 
solvatisierter Form Oder als Soivat derselben mit einem pharmazeutisch annehmbaren Ldsungsmittei. 

8. Pharmazeutische Zusarnmensetzung, umfassend eine Verbindung der Formel I, wie in irgendeinem 
der Anspruche 1 bis 7 definiert, oder ein pharmazeutisch annehmbares Salz derselben, in soivatisierter 
oder nicht-solvatisierter Form, zusammen mit einem pharmazeutisch annehmbaren Trager oder 
Streckmittel. 

9. Verbindung der Formel i, oder ein pharmazeutisch annehmbares Salz, in soivatisierter oder nicht- 
solvatisierter Form, wie in irgendeinem der Anspruche 1 bis 7 definiert, zur Verwendung bei da Hemmung 
der Wirkung von Enkephaiinasen in einen Sauger. 
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gekmrizI^d^T^B r HerSt8 " Ung e ' ner Verbindun 9 der Formel I. wie in Anspruch 1 definiert, dadurch 
A) zur Herstellung einer Verfaindung der Formel I, in der Y 

* 0 

II 

— CNH— 

ist, eine Verbindung der Formel XX mit einer Verbindung der Formel XXI kondensiert wird 

10 

0 ■ o 

J il 

W— P— X— COOH + NH 2 — Z — COR* -» W — P — X — CONH — Z — COR a 

1 | 
15 OR 1 OR' 

XX XXI 
B) zur Herstellung einer Verbindung der Formel I, in der Y 

20 

0 

II 

— NHC— NH— 

a ist, eine Verbindung der Formel XXII mit einer Verbindung der Formel XXIII umgesetzt wird 
f 0 0 

II 0 II 

W— P— X— NCO + NHj — 2 — COR 2 — W — P — X — NHCNH — Z — COR 2 

30 

OR 1 



OR' ori 



XX" XXIII 
3S C) zur Herstellung einer Verbindung der Formel I, in der Y 

0 

II 

— NHCO— 

40 ist, eine Verbindung der Formel XXIV mit einer Verbindung der Formel XXV umgesetzt wird 

0 0 0 

8 o g 

W — P — X — NCO + HO— Z— COR 2 — W — P — X — N CO — Z — COR* 
45 | - | 

OR' OR 1 
XXIV XXV 
so D) zur Herstellung einer Verbindung der Formel I, in der Y 

0 
I 

— NHC— 

55 

ist, eine Verbindung der Formel XXVI mit einer Verbindung der Formel XXVII umgesetzt wird 

0 0 0 

II I ' I 

so W — P — X — NH, + H0 2 C — 2 — COR 2 — W — P — X — NH C — Z — COR 2 

1 I 
OR OR' 

XXVI XXVII 

65 



34 



40 



45 



60 
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E) zur Herstellung einar Verbindung der Forrnel I, in der wenigstens eine der Gruppen W, OR 1 und R 2 
Hydroxy ist, eine Verbindung der Forme! XXVIII 

0 

W— P — X — Y — Z — COR 2 ' 

" • I 

OR" XXVIII 

J0 in der 

W R 1 , wie in Anspruch 1 definiert, Oder eine veresterte Hydroxy-Gruppe, die die Gruppe OR 1 sein kann, 

ist 

OR" Hydroxy oder eine veresterte Hydroxy-Gruppe, die die Gruppe OR 1 sein kann, ist, 
R 2# Hydroxy, — NR a R fl , wie in Anspruch 1 definiert, oder eine veresterte Hydroxy-Gruppe, die eine 
;5 veresterte Hydroxy-Gruppe, wie fur R 2 in Anspruch 1 definiert, sein kann, 

wobei wenigstens eine der Gruppen W, OR" und R 2 ' eine veresterte Hydroxy-Gruppe ist einer 
Entesterisierungs-Reaktion unterworfen wird, wodurch wenigstens eine veresterte Hydroxy-Gruppe W, 
OR" oder R 2 ' (und im wesentlichen jede veresterte Hydroxy-Gruppe, die nicht den Definrtionen durch W, 
OR 1 oder R 2 in Anspruch 1 entspricht) in Hydroxy umgewandeit wird, wodurch eine Verbindung der Forrnel 
2Q I entsteht in der wenigstens eine der Gruppen W, OR 1 und R 2 Hydroxy ist; 

F) zur Herstellung einer Verbindung der Forrnel I, in der wenigstens eine der Gruppen W, OR 1 und R a 
eine veresterte Hydroxy-Gruppe ist, eine Verbindung der Forrnel I, wie in Anspruch 1 definiert, in der 
wenigstens eine der Gruppen W, OR 1 und R 2 eine Hydroxy-Gruppe ist, einer Veresterungs-Reaktion 
unterworfen wird, wodurch wenigstens eine solche Gruppe in eine veresterte Hydroxy-Gruppe, wie durch 

25 W, OR 1 bzw. R 2 in Anspruch 1 definiert, umgewandelt wird, 

wobei in dem vorstehenden Verfahren A bis F W, X, Y, Z, R 1 und R a die in Anspruch 1 angegebenen 
Bedeutungen haben und etwaige funktioneile Gruppen, sofern notwendig oder erwunscht, geschOtzt sind, 
wobei im Anschlufi an das Verfahren A, B, C, D, E oder F die Entfemung etwaiger Schutzgruppen, sofem 
notwendig oder erwunscht, von dererhaitenen Verbindung der Forrnel I und die Isolierung der Verbindung 

30 der Forme! 1 als solcher oder ais pharmazeutisch annehmbares Saiz, in nicht-solvatisierter Form oder ais 
Solvat mit einem pharmazeutisch annehmbaren Losungsmittei erfolgen. 

Paterrtanspruche fur die Vertragsstaat: AT 
35 1. Verfahren zur Herstellung einer Verbindung der ailgemeinen Forme! I 

0 

I 

W — P— X — Y — Z — C OR ! 

t 

OR 1 



in der 

R' WasserstofF, Alkyi mit 1 bis 6 Kohlenstoff-Atomen, 




-CH- 
A oder ^ 



worin 

A Wasserstoff, Halogen, Hydroxy, Nitro, Trifiuoromethyl, Alkoxy mit 1 bis 6 Kohlenstoff-Atomen, AiJcyi 
50 mit 1 bis 6 Kohlenstoff-Atomen, 2-oder 3-Thienyl Oder Phenyl ist das durch Halogen, Hydroxy, Nitre, 
Trifluorometriyl, Alkoxy mit 1 bis 6 Kohlenstoff-Atomen oder Alkyl mit 1 bis 6 Kohlenstoff-Atomen 
substituiert sein kann; 

W R 1 oder OR 1 ist, worin R 1 die oben angegebenen Bedeutungen hat; 



55 Indolyl 

Cydoalkyimethyl mit 4 bis 8 Kohlenstoff-Atomen, 



X — (CH 2 ) P — CHR 3 -— oder — CHR 3 — (CH 3 ) P — ist worin p 0 oder 1 ist und R 3 2- oder 3-Thienyimethyl, 3- 
.lylmethyi, Alkyi mit 1 bis 6 Kohlenstoff-Atomen, Cycioaikyl mit 3 bis 7 Kohlenstoff-Atomen, 



A oder ^ H 2 



ist, worin A die oben angegebenen Bedeutungen hat; 




ooo o 

n ii i. i • 

— NHC — , — CNH— , — NHCNH — oder — NHC — 0 ist: 



35 
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»a, 1 °A d ,t r P' Ph f"Y! en - -<CHFr») r - [worin r 1 , 2. 3 oder 4 ist und R* unabhingig ausgewahlt ist aus 

. u V Kohlenstoff-Atomen, Cycioalkyimethyl mit 4 bis 8 Kohlenstoff-Atomen, 3^ 
Indolylmethyl, Hydroxymethyi, 2-(Methylthio)-ethyl. ' * 




-CH,.— rT^ 
•A oder * 




ist, worin A die oben angegebenen Bedeutungen hat) oder — (B)»— B' — B"— ist [worin q 0 oder 1 ist. eine 
der Gruppen B, B' oder B" 



15 




^ 

2rH 2 -sindT e ° ben angesebene " Bedeutungen hat. und die verbleibenden Gruppen B. B' und/oder B" 



[mit den folgenden Mafigaben, daS 
20 wenn VV OR' ist und Y — NHCO ist r nicht 1 sein kann: 
0 
II 

wenn Y — CNH— ist r nicht 1 sein kann; 
0 

25 || 
wenn Y — NHC— 



ist. Z auch — CR*=CR — sein kann. worin R* und R" gleich oder verschieden sein konnen und aus 
Wasserstoff, Alkyl mit 1 bis 6 Kohlenstoff-Atomen. Cycloalkyl mit 3 bis 7 Kohlenstoff-Atomen. 
30 Cycloalkymethyl mit 4 bis 8 Kohlenstofff-Atomen, 3-indolyi methyl. Hydroxymethyi. 2-{Methyithio)-ethy! 
ausgewahlt sind oder zusammen mit den Kohlenstoff-Atomen. an die sie gebunden sind. einen 
Cycloalkenylen-Ring mit 5 bis 8 Kohlenstoff-Atomen bilden; 
R 2 Hydroxy, Alkoxy mit 1 bis 6 Kohlenstoff-Atomen. ' 



3s r 




-0-{CH 2 ) s (I 

[worin s 0, 1, 2 oder 3 ist], 

0 

40 J 

— 0— (CR*R«)OCR r 



Atomensin? rJ''* 0der verschieden sein konnen und Wasserstoff oder Alkyl mft 1 bis 6 Kohlenstoff- 




•A - II N ^ A 



oder Aikyi mit 1 bis 6 Kohlenstoff-Atomen ist], 

■A 



0 



-0CH 2 C 



CH-CH 2 0H , -0CH 2 -C 
OH i 



" -O-CH 2 -CH-CH 2 0H , -0CH 2 -CH-CH 2 

[worin 1 1 odar 2 1st), CH 3 



K 




ss [worin u 1 oder 2 ist], 
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oder NR 8 R 9 , worin R a 



io ist, 

R 9 Wasserstoff -oder Alkyl mit 1 bis 6 Kohlenstoff-Atomen ist und 

worin A in den ftfr R 2 definierten Gruppen die oben angegebenen Bedeutungen hat 

oder ernes pharmazeutisch annehmbaren Salzes derselben. Soivat- oder Nicht-Solvat-Form dadurch 

gekennzeichnet, da£ 
is A) zur Herstellung einer Verbindung der FormeJ I. in der 

0 

II 

Y — CNH — 

20 ist. eine Verbindung der Formel XX mit einer Verbindung der Formel XXI kondensiert wird 

0 0 

II II 
W— F— X— COOH + NH 2 — 2 — COR* -> W — P — X — CONH — Z— COR 2 

25 I I - 

OR' . OR' 

XX XXI 

20 B) zur Herstellung einer Verbindung der Formel I, in der Y , 

0 
I 

3S — NHC — NH — 

lstf eine Verbindung der Formel XXII mit einer Verbindung der Formel XXIII umgesetzt wird 
O 0 0 

40 B II i 

W— P—X— NCO + NH 2 — Z — COR 1 - W — ? — X — NHC — NH — Z — COR 2 
OR' OR' 
4S XXII XXIII 

C) zur Herstellung einer Verbindung der Formel I, in der Y 

0 

— NHCO— 

ist, eine Verbindung der Formel XXIV mit einer Verbindung der Formel XXV umgesetzt wird 
55 0 0 0 

B r ii 

W— P— X— NCO + HO — Z— COR* - W — P — X — N CO — Z — COR 2 

I ! 
OR' OR' 
50 XXIV XXV 

D) zur Herstellung einer Verbindung der Formel I, in oer Y 

0 



ss — NHC— 
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ist, eine Verbindung der Formel XXV! mit einer Verbindung der Formal XXVII umgesetzt wird 

? 0 0 

1 II II 

W— P-X-NH, + H0 2 C-Z^-COR 2 - W-P-X-NH C-Z-COR 2 

OR' £ R , 

XXVI XXVII 

E) zur Herstellung einer Verbindung der Formei l r in der wenigstens eine der Gruppen W, OR 1 und R 2 
Hydroxy ist eine Verbindung der Formel XXVIII 

0 

i 

W — P — X — Y — Z— COR 2 ' 
I 

OR" XXVIII 

20 in der 

W R 1 , wie in Anspruch 1 definiert oder eine veresterte Hydroxy-Gruppe, die die Gruppe OR 1 sein kann, 

ist, 

OR" Hydroxy oder eine veresterte Hydroxy-Gruppe, die die Gruppe OR 1 sein kann, ist 
R 2/ Hydroxy, — NR B R 9 , wie in Anspruch 1 definiert, oder eine veresterte Hydroxy-Gruppe, die eine 
25 veresterte Hydroxy-Gruppe, wie fur R a in Anspruch 1 definiert sein kann, 

wobei wenigstens eine der Gruppen W, OR" und R* eine veresterte Hydroxy-Gruppe ist, einer 
Entesterisierungs-Realction unterworfen wird, wodurch wenigstens eine veresterte Hydroxy-Gruppe W, 
OR" oder R 2 * (und im wesentlichen jede veresterte Hydroxy-Gruppe, die nicht den Definitionen durch W, 
OR 1 oder R 2 in Anspruch 1 entspricht) in Hydroxy umgewandelt wird, wodurch eine Verbindung der.Formei 
30 1 entsteht, in der wenigstens eine der Gruppen W, OR 1 und R 2 Hydroxy ist; 

F) zur Herstellung einer Verbindung der Formel I, in der wenigstens eine der Gruppen W, OR 1 und R 2 
eine veresterte Hydroxy-Gruppe ist, eine Verbindung der Formel I, wie in Anspruch 1 definiert, in der 
wenigstens eine der Gruppen W, OR 1 und R 2 eine Hydroxy-Gruppe ist, einer Veresterungs-Reaktion 
unterworfen wird, wodurch wenigstens eine solche Gruppe in eine veresterte Hydroxy-Gruppe, wie durch 
35 W, OR 1 bzw. R 2 in Anspruch 1 definiert umgewandelt wird, 

wobei in dem vorstehenden Verfahren A bis F W, X, Y, Z, R 1 und R 2 die in Anspruch 1 angegebenen 
Bedeutungen haben und etwaige funktionelle Gruppen, sofem notwendig oder erwunscht geschQtzt sind, 
wobei im Anschlufc an das Verfahren A, B, C, D, E oder F die Entfernung etwaiger Schutzgruppen, sofern 
notwendig oder erwunscht, von der erhaltenen Verbindung der Formel I und die Isolierung der Verbindung 
40 der Formel i als solcher oder als pharmazeutisch annehmbares Salz, in nicht-sblvatisierter Form oder ais 
SoJvat mit einem pharmazeutisch annehmbaren Losungsmittel erfoigen. 

2. Verfahren, wie in Anspruch 1 definiert dadurch gekennzeichnet, dafi eine Verbindung der Formel I, 
wie in Anspruch 1 definiert, hergesteilt wird, in der 

R' Wasserstoff, Methyl, Ethyl, Phenyl oder Benzyl ist; 
46 R 2 Hydroxy, Methoxy, Ethoxy, Phenoxyethyloxy, Pivaloyloxymethyloxy, 

— 0CH a CH— CH 2 0Hoder — OCH 2 CH— CH a 



so 



60 



OH 0 0 

X 



ist; 

W Hydroxy, Ethoxy, Methyl oder Benzyl ist; 
55 A l 



CH 3 CH 3 



ist, 

worin A 1 Wasserstoff, Phenyl, Ruor, Chlor oder Trifiuoro methyl ist; 
Y die in Anspruch 1 angegebenen Bedeutungen hat; 



38 
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Hydroxy, Methoxy, Ethoxy, Phenoxyethyloxy, Pivalovloxyrn ethyl oxy, 



— OCH 2 CH— CH 2 OH Oder— OCHj— CH— CH a 

- I li 
OH 0 0 



X 




ist, 

worin A 1 dl 



X 




lie in Anspruch 2 angegebenen Bedeutungen hat; 

0 



Y — CNH — istund 



2 p-Pheny!en oder — CH 2 CHR 41 — ist, worin R* 1 die in Anspruch 2 angegebenen Bedeutungen hat; 

Oder ein pharmazeutisch annehm bares Salze derselben, in nicht-soivatisierter Form oder ais Solvat 
derselben mit einem pharmazeutisch annehmbaren Losungsmittei. 
. * y erfahren ' w >e in Anspruch 1 definiert, worin eine Verbindung mit Y « — CONH— , hergestellt wird, 



N-{1-Oxo-3-pheny|.2-(phosphonomethyl)propyi]-p-aianin, 

N-{1-Oxo-3-phenyl-2-{phosphonomethyl)propyi]-0-alanin-ethylester, 

M-(3-{1 f r-BIphenyl^-yO-1-oxo-2-{phosphonomethyl)propyl]-p-alanin, 

N-[3-{4-Chloro(phenYM-oxo-2-{phosphonomethyl)propylI-^-alanin, 

N-(3-{4-Chioro)phenyl-1-oxo-2-{phosphonomethyI)propYl]-p-aianin-ethylesTer f 

N-[3-(4-Ruoro)phenyl-1-oxo-2-{phosphonomethyl)propyl]«P-aianin, 

3-[3-(1,r-Bi>henyi^yl).i^xo-2^phosphonomethyi)propylJamino-2-methy<propansaure, 

3-Ll-Oxo-3-phenyl-2-(phosphonomethYi)propyi]amino-2-methylpropansaure f 

3-pH4^hloro)pheny|.1-oxc-2^phosphonomethyl)propyl]amino-2-methylpropansaure f 

3- [3-(4.Fiuorolphenyl-1-oxo-2.(phosphonomethyl)propyl]amino-2-methylpropansaure. 
4.n-Oxo-3-phenyi.2-(phosphonomethyI)propyilamino-2-butansaure ( 

4- [1^)xo-3-phenyl-2-<phosphonomethyl)propyi]amino-2-benzoesaure, 
N-[1-Oxo-3-phenyl-2-phosphonopropyll-p-alanin, 
N^2^Butylhydro)cyphosphinyl)metrryl-1oxo-3-pheny!propyl]-p-aiani 
^^ButylhydroxyphosphinyOmethyM^xo^ 
N-[1-Oxo-2-phosphonomethyl-3-{2-thienyi)propyl]-p-alanin f 
N-{1-Oxo-2-phosphonomethyW-<3-thienYl)propyi]-i3-aianin f 
N-[3-<3-lndolyl)-1-oxo-2Hphoaphonomethyl)propy!]-P-aianin f 
N-[1-Oxo-2-<phosphonomethy()hexyi]-p-alanin. 
N-[3-Cyciohexyi-1-oxo-2-(phosphonomethy()propyi)-P-alanin f 
N^2<;ydohexyl-1^xc-2Mphosphonomethy!)ethyll.p-alanin f 
N^4^hloro)pheny*-1^xc-2-(phosphonomethyI)ethyl]-p-alanin f 
;jjj 1 ^^ 3 -P n «nYi-2-<phosphonometh^^ 
jH1-Oxo-3-phenyi-2-<phosph^ 
N41-Oxo-3-phenyl-2-<phosphonome^ 
N41-Oxo-3-phenyl-2-(phosphonomethylto^ 
N41^xo-3-phBnyl-2HphosphonomethyO 
N^^xc-3-phenyl-2Mphosphonomethyl)pro 

N-{V0xo-3-phenyl-2Hphosphonomethyi)pTOpyl]-3.aianin-2-naphthoYloxyethYiester, 
N4l<)xo-3-phenYi-2-(pho3phonomethyl)propyl]-3-aianin-phthaiidYiester, 
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N-[1^xo-3-phenyl-2-(phosphonomethyl)propyl]-{3-aianin-2-fnethvlphenylamid, 
N-[1^xo-3-phenyl-2-{phosphonomethyl)propy^ 

4-[l-Oxo-3-ph0nyI-2-{phosphonomethyl)propyl]aminoben2oesaureethylester, 

N-[1-Oxo-2-phosphonomethyi-3-{4-trifluoromeThyl)phenylpropyi]-p-aianin r 

N-l1-Oxo-2-phosphonomethyl-3-(4-trifluoro 

N-[2-{n-Butoxyhydroxyphosphinyl)methyl-1-oxo-3-phenylpropyl]-^ianin-ethyiester, 

3-[1-Oxo-3-phenyl-2-(phosphonomethyI)propyi]amino-2-hydroxymethylpropans§ure f 

3-t1-Oxo-3-phenyl-2-{phosphonomethyl)propyi]amino-2-cyclopropylpropansaure f 

3-{l-Oxo-3-phenyl-2^phosphonomethy()propyllamino-2-(cYclopropyl)methyipropansaure, 

3-n-Oxo-3-phenyl-2-{phosphonomethyl)propYi]amino-2-(3-indoiyi)methylpropansaure f 

3-[1-Oxo-3-phenyl-2-(phosph6nomethyl)propyi]amino-2-(2-methylthio)8thylpropansaure ( 

3-{1-Oxo-3-phehyl»2-{phosphonomethyl)propyi]amino-2-phenyipropansaure f 

3-[1-Oxo-3-phenyl-2^phosphondmethyl)propyi]amino-2-(4<hIoro)phenYlpropansaure, 

3-[l-Oxo-3-phenyl-2-(phosphonomethyi)propyl]amino-2-(phenyi)methylpropansaure f 

3-{1^xo-3-phenyl-2-(phosphonomethYl)propyl]amino-2-((4^hloro)phenyl)rnethylpropansaure, 

N-[2-(Benzyihydroxyphosphinyl)methyl-1-oxo-3-phenyIpropyl]-P-alanin r 

N42^Benzylhydroxyphosphinyl)methyi-1<ixo-3-phenYlpropyl]-P-alanin-€thylester, 

Hl-Oxo-3-phenyl-2-<phosphonomemyl)propyl]aminomethyl^^^ 

1- [2-[1-Oxo-3-phenyi-2-{phosphonomethyl)propyi]amino]-ethyi-3,4-faen20^clopenterv1-carb 

2- [1-Oxo-3-phenYl-2-(phosphonomethyl)propyl]amino-methyi-3-phenyl-Z-2-propensaure. 

2- {2-{1-Oxo-3-phenyl-2-(pho6phonomQthyl)propyl]amino]-ethyl-3-phenyi-Z-2-propensaure r 

3- {1H-Benzimidazol-2-yl)-2-t1-oxo-3-phenyl-2-(ph^ 

2- nH-8enzimidazol-2-yl)-4-[1-oxo-3-phenyi-2-(phosph 

Oder ein pharmazeutisch annehrnbares Salz irgendeiner der vorgenannten Verbindungen, in soivatisierter 
Oder nicht-soivatisierter Form. 

5. Verfahren, wie in Anspruch 1 definiert worin eine Verbindung mit Y = — NHCO — , hergestellt wird, 
namlich 

3- Oxo-3-[2-phenyl-1-(phosphono methyl JethyO am ino-propansau re, 

4- Oxo-4-[2-phenyl-1-{phosphonomethyl)ethyllamino-butansaure, 
4^xo^{2-phenyi-1-{phosphonomethyl)ethyljamino-Z-2-butensaure, 
4-Oxo-4-[2-ph8nyl-Hphosphonomethyl)ethyl]amino-£-2-butensaure, 

. 4^xo^-{2^1J , -biphenYi^yI)-Hphosphonomethyl)ethyl]ami^obutansaure # 
4-0xo-4-[2-(4-fluoro)phenyl]-1-{phosphonomethyl)ethYi]aminobutansaurer * 
4-[[2-Phenyl-1-{phosphonomethyi)ethylJamfnocarbonyiIbenzoesaure l 

3- [[2-Phenyl-1-(phosphonomethy<)ethYi]aminocarbonyi]benzoesaure oder 
2-[[2-Phenyl-1-{phosphonomethyl)ethyl)aminocarbonyl]benzoes§ure f 

oder ein pharmazeutisch annehrnbares Salz irgendeiner der vorgenannten Verbindungen, in soivatisierter 
oder nicht-soivatisierter Form. - 

6. Verfahren, wie in Anspruch 1 definiert, worin eine Verbindung mit Y =• — NHCONH — hergestellt 
wird, namlich * 

N-{2-Phenyi-l-(priosphonomethyl)ethylaminocarbonyl]glycin r 
N-[2-Phenyl-1-{phosphonomethyl)ethylaminocart}anyljalanin, 
N-[2-Phenyl-1-{phosphonomethyl)ethylaminocarbonyl]-3-aianin f 
N-{2-Phenyl-1-(phosphonomethyi}ethylaminocarbonyllphenylalanin, 

4- (2-Phenyl-Hphosphonomethyl)ethylaminocarbonyi]aminobenzoesaure f 

oder ein pharmazeutisch annehrnbares Salz irgendeiner der vorgenannten Verbindungen, in soivatisierter 
oder nicht-soivatisierter Form. 

7. Verfahren, wie in Anspruch 1 definiert worin eine Verbindung mit Y = — NHCOO — hergestellt wird, 
namlich 

2-[2-PhenYl-1-{phosphanomethyl)ethylIaminocarbonyloxyessigsaure r 

2- {2-Phenyl-l-<phosphonomethy0ethyljarninocarbpnyioxypropansaure f 

3- [2-PhenyM-(phosphonomethyliethyljaminocarbonYloxypropansaure, 

oder ein pharmazeutisch annehrnbares Salz irgendeiner der vorgenannten Verbindungen, in nicht- 
soivatisierter Form oder als Soivat derselben mit einem pharmazeutisch annehmbaren Losungsmittel. 

8. Verfahren zur HersteJIung einer pharmazeutischen Zusammensetzung, dadurch gekennzeichnet, 
daS eine Verbindung der Formal I, wie in irgendeinem der vorhergehenden Anspruche definiert oder ein 
pharmazeutisch annehrnbares Salz derselben, in soivatisierter oder nicht-soivatisierter Form, mit einem 
pharmazeutisch annehmbaren TrSger oder Streckmittel vermischt werden. 

9. Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung, dadurch gekennzeichnet, 
daft eine Verbindung der Formei I oder ein pharmazeutisch annehrnbares Salz derselben, in soivatisierter 
oder nicht-soivatisierter Form, hergestellt mittels des Verfahrens nach irgendeinem der Anspruche 1 bis 7 
mit einem pharmazeutisch annehmbaren Trager oder Streckmittel vermischt werden. 
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Revendicatians pour les Etats corrtractants: BE CH DE FR GB IT U LU NL SE 

1. Compose ayant la formule de structure I 

0 

II • 

W — P — X — Y— X — COR 2 

i 

.OR 1 

ou R 1 est hydrogfcne;. aicoyle ayant 1 a 6 atomes de carbone, 



dans lesquefles 

A est hydrogene, haiogene, hydroxy, nitro, trifiuoromethyle, alcoxy ayant 1 a 6 atomes de carbone, 
aicoyle ayant 1 a 6 atomes de carbone, 2- ou 3-thienyle ou phdnyie qui peut §tre substitue par haiogene, 
hydroxy, nitro, trifiuoromethyle, aicoxy ayant 1 a 6 atomes de carbone ou aicoyle ayant 1 a 6 atomes de 
carbone; 

W est R 1 ou OR 1 ou R 1 est tel que defini ci-dessus; 
X est — (CH 2 ) 0 — CHR 3 — ou — CHR 3 — (CH a ) p — ou 
p est 0 ou 1, et 

R 3 est 2- ou 3-thienylm6thyie, 3-indolylmethyie, aicoyle ayant 1 a 6 atomes de carbone, cycloalcoyle 
ayant 3 a 7 atomes de carbone, cycloaikylmethyle ayant 4 a 8 atomes de carbone, 

-CH. 
■A ou * 




■-0- 

dans lesquelles A est tel que defini ci-dessus, 

0 0 0 0 

Y est — NHC — , — CNH — , — NHCNH— , ou — NHC— O— 

2 est o-, m- ou p-phenyiene, — <CHR 4 ),- [ou r est 1 , 2, 3 ou 4 et R 4 est independamment choisi parmi 
hydrogene, aicoyle ayant 1 a 6 atomes de carbone, hydroxy, aicoxy ayant 1 a 6 atomes de carbone, 
cycloalcoyle ayant 3 a 7 atomes de carbone, cycioaikyim&hyle ayant 4 a 8 atomes de carbone, 3- 
mdofylmethyle, hydroxymethyle, 2-(methylthio)ethyie, 




^ -CH 
-A ou 



dans lesquelles A est tel que defini ci-dessus] ou — (B) q — B' — 8" [oil q est 0 ou 1, 1'un des groupes B, B' ou 
B"est H 





QFaOcH-CH^^A ou /-^Q 

H 

dans lesquelles A est tel que defini ci-dessus et B, B' et/ou B" restant est — CH 2 — I, 
[aux conditions suivantes: 

lorsque W est OR 1 et Y est — NHCO, r ne peut §tre 1 ; 
0 

lorsque Y est — CNH — r ne peut etre 1 ; 
O 

lorsque Y est — NHC— 

2 peut egaiement etre — CR a =CR tt — ou R* et R ft peuvent etre identiques ou differents et sont choisis parmi 
hydrogene, aicoyle ayant 1 a 6 atomes de carbone, cycioalcoyie ayant 3 a 7 atomes de carbone, cycloalkyl- 
methyie ayant 4 a 8 atomes de carbone, 3-indolylmethyle. hydroxymethyle, 2-(m6thylthio)6trryle ou, avec les 
atomes de carbone auxquels ils sont attaches, forment un noyau cycloalkenylene ayant de 5 a 8 atomes de 
carbone; 
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R 2 est hydroxy, alcoxy ayant de 1 a 6 atomes de carbone, 

•0-(CH 2 ) s ^ 




5 

[ou s est 0, 1, 2 ou 3] 

0 

II 

w — 0— {CR 5 R 6 )OCR T 

[ou R 5 et R 6 peuvent §tre identiques ou differents et sont hydrogene ou alcoyte ayant de 1 a 6 atomes de 
carbone, et R 7 est ,ta UB 

is i, " CH 2— rr ^ 




ou alcoyle ayant de 1 a 6 atomes de carfaone. 
0 

II /=v^A 
-OCH,C 



-0-CH 2 -CH-CH 2 OH , -OCH.-CH-CH. 

OH 2 ij 2 



CH 3 vn 3 



[oCi t est 1 ou 2], 

30 



[ou u est 1 ou 21, 

35 



40 ou NR fl R 9 ou R e est 



-0-(CH 2 ) u 0-j- J| 





<* 2 h * d ^?* ne ° u alc °Y le a Yant de 1 a 6 atomes de carbone, et oil A dans les groupes definis pour R, est 
tel que defini ci-dessus; ^ 

ou bien un'sei acceptable en pharmacie, sous forme de solvat ou de non solvat, avec un soivant acceptable 
en pharmacies 

2. Compose de formule I, tel que defini a la revendication 1, caracterise en ce que R 1 est hydrogene, 
50 S«y Pnenyle ou benzyie; R a est hydroxy, methoxy, ethoxy, phenoxyethyioxy, pivaloyloxy- 

— OCHj— CH — CH 2 OH ou — OCHjCH— CH 2 ; 

I t I 

be OH 0 0 

X 



CH, CH 9 



W est hydroxy, dthoxy, methyle ou benzyie; 
so a 1 

X est w 

65 f H : 
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ou 

A 1 est hydrogene, phenyls, fluor, chlore ou trifluoromethyle; 
Y est tel que defini a la revendication 1 ; 

2 est p-phenylene, ou — CHjCHR* 1 — , ou R* 1 est hydrogene, hydroxy, methoxy, methyle ou benzyie; 
ou son sel acceptable en pharmacie, sous forme de soivat ou de nan solvat, avec un solvant acceptable en 
pharmacia 

3. Compose de formule l f tel que defini a la revendication 2, caracterise en ce que R 1 est hydrogene; R a 
est hydroxy, methoxy, ethoxy, phenoxyethyloxy, pi va I oyloxy methoxy, 



W est hydroxy; 



-OCHjCHCHjOH ou— OCH a -CH— CH,; 

I I 
0 0 

X 

CH 3 CH 3 



oh; o o 

X 



X est U 




ou 

A 1 est tel que difini a ta revendication 2; 

0 
I 

Y est — CHN — ; et 

Z est phenylene ou — CH^CHR 41 — ou R 41 est tel que defini a la revendication 2; 
ou son sel acceptable en pharmacie, sous forme de solvat ou de non soivat avec un solvant acceptable en 
pharmacie. 

4. Compose tel que defini a la revendication 1, ou Y =* — CONH— c'est-a-dire 

N-{1-oxo-3-ph6nyl-2-{phosphonomethyi)propyi]-p-alanine, 

Ester ethylique de N-f1^xo-3-phenyi-2-<phosphonomethyl)propyil-f3-aianine f 

N-[3^1,V-biphenyi-4-yl)1-oxo-2-{phosphonomethyl)propyll-3-alanine, 

N-[3-<4-chloro)ph6nyl-1-oxo-2-(phosphonomethyl)propyl]-p-alanine, 

Ester ethylique de N-[3-{4-chloro)phenYl.1-oxo-2-(phosphonomethyl)propyi]-0-alanine, 

N-[3-{4-fluoro)pheny|.lK5xo-2-{phosphonomethYl)propylI-P-alanine, 

Acide 3-[3^1,r^iphenyl^yl)-lK>xo-2^phosph 

Aade3-{1-oxo-3-phenyl-2-{phosphonomethyl)propylI-amino-2-methylprQpanoTque, 

Acide 3-(3-(4-chioro)phenyl-1^xo-2-(phosphonomethYl)propyl]-amino-2-methyl propanoique, 

Acide 3-[(4-fiuoro)phenyi0^xo-2-(phosphonomethyi)propyl]-amino-2-methylpropanoique, 

Acide 4-[1-oxo-3-phenyl-2-{phosphonomethyl)propyi|-aminobutanoIque r . 

Acide 4-{1-oxo-3-phenyl-2-(phosphonomethyl)propyl)-aminobenzoTque, 

N-{1 -oxo-3-phenyl-2-phosphonopropyl J-p-aianine 

N42^butylhydroxyphosphinyi)methyl-1^xo-3-phenylpropyH-alanine 

Ester ethylique de N-[2-(butYlhydroxyphosphinyl)-methyl^oxo-3-phenylpropyl-p-analine 

N-[lK3xo-2-phosphonomethyi-3-(2-thienyl)propyi]-p-aianine 

N^1^xo-2^hosphonometriyl-3-(3^ienyl)propyl]-P-aianine 

N-[3-<3-indolylM-oxo-2-{phosphonomethyl)prdpyl|-(3-alanine 

N-[1-oxo-2-(phosphonomethvi)hexyl]-p.aianine 

N-{3-cycJohexy|.1-oxo-2-{phosphonomethyi)propy(]-3-alanine 
N.[2-cyclohexyM-oxo-2-(phosphonomethyOethyl]-0-aianine 
N.[2^4^loro)ph6nyl-lK)xo-2-(phosphonomethyl)-ethy1^ 
Acide 3-{1«^xo-3-phenyl-2-(phosphonomethyl)propyll-amino-2-hydroxypropanolque 
Acide 3-{1-oxo-3-ph6nyl-2-{phosphpnomeihyl)propyl |-amino-2-methoxypropanoTque 
piValoyimethyloxyethyl ester de N*(1-oxo-3-phenYl-2-{phosphonomethyl)propyl]-p-alanine 
2-phenoxvethyI ester de N-{1 -oxo-3-phBnyl-2-{phosphonamethYl)propyll-p-alanine 
4-bromophenacyl ester de N-{1-oxo-3-phenyl-2-{phosphono methyl )propyl]-P-alanine 
2,3-dihydroxypropyi ester de N-{1-oxo-3-phenyl-2-(phosphonomethyl)propyll-p-alanine 
2-naphthyioxyethyl ester de N-[1-oxo-3-phenYl-2-{phosphonomethyi)propyl|-P-aianine 
Ester phtalidvlique de N-{1-oxo-3-phenyl-2-{phosphonomethy()propyi]-3-aianine 
N-{1-oxo-3-phenyi-2-{phosphonomethyl)propyil-P-aianine 2-methylphenyiamide 
2.3-isopropylidenegiycerol ester de N-{1-oxo-3-phenyl-(phosphonomethyl)propyl]-&-alanine 
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Ester ethylique de I'acide 4-[1-oxo-3-phenyl-2-(phosphonomethyl)propyl]aminoben2oTque 
NH1^xo-2-phosphonomewyl-3-(4-trifluoro 

Ester ethylique de N-[1:oxo-2-phosphonomethyi-3-(4-trifluoromethyl)phenyl-propy 

Ester ethylique de N-[2-(n-butoxyhydroxyphosphinyl)methyl-1^ 
5 Acide3-[1^xo-3-phenyl-2-(phosphonomethyI)propyl]-amino-2-hydroxymethylpropano 

Acide 3-[1-oxo-3-phe^yi-2-{phosphonomethyl)propyl]-amm 

Acide 3-[1-oxo-3-phenyl-2-(phosphonomethyl)propyi^ 

Acide 3-[1-oxo-3-phenyl-2-{phosphonomethy^^ 

Acide 3-[1-oxo-3-phejiyl-2-(phosphonomethyl)propy^ 
70 Acide 3-[1-oxo-3-phenyl-2-(phosphonomethyi)pro 

Acide 34l-oxo-3-phenyl-2-<phosphonomethyl)propyl]-amino-2-<4^hloro 

Acide 3-[1-oxo-3-phe^-2-(phosphonomethyl)propv^^ 

Acide 3-(lK>xo-3-phenyl-2-<phosphonomethyl)propyll-am 

N-[2-(benzyibydroxyphosphinyl)methyl-1-oxo-3-phenylpropyl]-P-alanine 
75 Ester ethylique de N-[2^benzylhydroxyphosphinyl)-methyl-1-oxo-3-ph6nyl-propyl]-P-alanine 

Acide l-[-oxo-3-phenyl-2-(phosphonome^hyl]propyl]-aminom 
carboxyiique 

Acide H2-[1-oxo-3-phe^yl-2-{phosphonomethyl)propylIamin^ 
carboxyiique 

30 Acide 2-{Voxo-3-phe>iyl-2-(phosphonom&hYl)propYl]-aminom 
Acide 2-[2-[1-oxo-3-phenyl-2^phosphonomethyl)propyl]am 
Acide 3^lH-benzimidazol-2-y!)-2-{1-oxo-3-phenyl-2-(phosphonomethyijpropyllam 
propanoTque 

Acide 2-(1H-benzimida2ol-2-yl)^[1^xo-3-phenyl-2-<phosphonomethyl)propyl]amino butanoTque 
25 ou un set acceptable en pharmacie de ce qui precede, sous forme de solvat ou de non solvat avec un 
solvant acceptable en pharmacie. 

5. Compose tel que d6fini a la revendication 1 ou Y = — NHCO— c'est-a-dire 
Adde3^xo-3-{2-phenyl-1-{phosphonomethYl)ethyl]-arninopropanoTque 
Acide 4^xo-^[2-phenyl-1-{phosphononriethyi)ethyl]-aminobutanoTque 

30 Acide 4-oxo-4-[2-phenyl-Hphosphonom ethyl) ethyl ]-amino-Z-2-butenoique 
Acide 4-oxo^[2-phenyl-1^phosphonomethyl)ethyl]-amino-E-2-butenoTque 
Acide 4-oxo-4-[2-d,V-biphenyl-4-yl)-Hphosphonomethyi)ethyll aminobutanoTque 
Acide 4HDxo^2-(4-fluoro)phenyl]-Hphosphonomethyi)6thyi]aminobutanorque 
Acide 4-[[2-phenyl-1-{phosphonornethyi)erhYl]aminocarbonyll-benzoTque 
36 Acide 3-[[2-phenyi-1-{phosphonomethyl)ethyilaminocarbonyl]benzoique r ou 
Acide 2-[[2-phenyl-1 -(phosphonomethyl)ethYl]arninocarbonyilbenzoTque, 
ou un sel acceptable en pharmacie de I'un de ceux qui precedent, sous forme de soivat ou de non solvat 
avec un soivant acceptable en pharmacie. 

6. Compose tel que defini a la revendication 1, ou Y = — NHCONH — c'est-a-dire 
40 N-[2-phenyl-1-{pnosphonomethyi)ethyiaminocarbonyi]giYcine 

N-[2-phenyi-1-(ph6sphonom6thyl)ethylaminocarbonyl]alanine 
N-[2-phenyH-<phosphonomethyi)ethylaminocarbonyi]-P-alanine 
N-{2-phenyl-l-{phosphonomemyl)ethylaminocarbonyi]phenylalanine 
Acide 4-[2-phenyl-1-(phosphonomethyl)ethylaminocarbonyl]aminobenzoique 
4S ou un sei acceptable en pharmacie de Tun de ceux qui precedent sous forme de solvat ou de non solvat 
avec un solvant acceptable en pharmacie. 

7. Compose tel que defini a ia revendication 1, ou Y « — NHCOO — c'est-a-dire 
Acide 2-[2-ph6nyl-Hphosphonomethyl)ethyl]aminocarbonyioxy-acetique, 
Acide 2-[2-phenyl-1-(phosphonomethyl)ethyl]aminocarbonyloxypropanoTque f 

so Acide 3-{2-phenyi-1 (phosphonomethyi)ethyl]aminocarbonyioxy-propanoTque, 

ou un sei acceptable en pharmacie de I'un de ceux qui precedent sous forme de soivat ou de non solvat, 
avec un solvant acceptable en pharmacie. 

8. Composition pharmaceutique, comprenant un compose de la formuie I, tel que defini seion Tune das 
revendications 1 a 7, ou son sel acceptable en pharmacie sous forme de solvat ou de non solvat avec un 

ss vehicuie ou excipient acceptable en pharmacie. 

9. Compose de formuie I ou son sel acceptable en pharmacie, sous forme de solvat ou de non solvat 
tel que defini selon Tune des revendications 1 k 7, a utiliser pour I'inhibition de Taction des encsphaiinases 
chez un mammifere. 

10. Precede" pour la preparation d'un compose de formuie I, tel que defini k ia revendication 1, 
so caracterise en ce que 

A) pour produire un compose de formuie I dans lequel Y est 

0 

II • 
ss — CNH — , 
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un compose- da formula XX est condense avec un compose de formule XXI 

0 0 

s II 0 

W— P— X— COOH + NHz— 2— COR 2 — W — P — X — CONH — Z— COR* 

1 • : 

OR 1 OR' 
to XX XXI 

B) pour produire un compose de formule I ou Y est 

0 

'* II 

— MHC — NH — 

on fait reagir un compose de formule XXII avec un compose de formule XXIII 
20 0 0 0 

0 B fi 

W— P— X— NCO + NH 2 — 2— COR 2 — W — P — X — NH C — NH — 2 — COR s 

1 ! 
OR 1 OR 1 

25 XXII XX"' 

C) pour produire un compose de formule I dans lequel Y est 

0 

30 II . 

— NHCO— , 

on fait reagir un compose de formule XXIV avec un compose de formule XXV 
35 0 0 0 

II I! 0 . 

W — P — X — NCO + HO — Z — ICOR 2 -> W — P— X — NCO — 2 — COR 2 

i I 

OR 1 OR 1 
40 XXIV XXV 

D) pour produire un compose de formule I dans lequei Y est 

0 

— NHC — , 

on fait reagir un compose de formule XXVI avec un compose de formula XXVII 
50 0 0 0 

I ' II 1 

W — P — X — NH 2 -h H0 2 C — Z — COR 2 — W — P — X — NH C— Z— COR 2 

i i 

OR 1 OR 1 

55 

XXVI XXVII 

E) pour produire un compose de formule I dans lequei au moins I'un de W, OR 1 ou R 2 est hydroxy, un 
so compose ayant !a formule XXVIII 

0 

5 

W — P — X — Y — Z — C 0 R 2 ' XXVIII 

i 

55 

OR" 
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dans laqueiie 

W est R 1 tel que defini a la revendication 1 ou est un groupe hydroxy esterifie qui peut etre le groups 
OR 1 , 

OR" est hydroxy ou un groupe hydroxy esterifie qui peut dtre le groupe OR 1 , 
5 R r est hydroxy, NR a R a tel que defini a la revendication 1, ou un groupe hydroxy esterifie qui peut etre 
un groupe hydroxy esterifie tel que defini pour R 2 a la revendication 1, 

au moins I'un de W, OR" ou R r etant un groupe hydroxy esterifie, est soumis a une reaction de 
desesterification par laqueiie au moins un groupe hydroxy esterifie W, OR" ou OR 2 * (et essentiellement 
tout groupe hydroxy esterifie n'etant pas tel que defini par W, OR 1 ou R 2 a la revendication 1), est converti 
w en hydroxy afin .de produire un compose de forrnule I dans lequel au moins I'un de W, OR 1 ou R 2 est 
hydroxy; 

F) pour produire un compose de forrnule I dans lequel au moins I'un de W, OR 1 ou R 2 est un groupe 
hydroxy esterifie\ un compost de formuie I tel que defini a la revendication 1, dans lequel au moins I'un du 
groupe W, OR 1 ou R 2 est un groupe hydroxy, est soumis a une reaction d'esterification par laqueiie au 

is moins I'un de ces groupes est converti en un groupe hydroxy esterifte te! que defini par W, OR 1 ou R z a ta 
revendication 1, ou, dans les precedes A a f ci-dessus W, X, Y, 2, R 1 et R 2 sont teis que definis a la 
revendication 1 ettous les groupes fonctionnels sont proteges si necessaire ou souhaite, ledit precede A, B, 
C, D, E et F etant suivi de ('enlevement de tous les groupes protecteurs, si necessaire ou souhaite, du 
compose resultant de formuie I et isolement du compose de forrnule I tel quel ou sous la forme d'un sel 

20 acceptable en pharmacie, sous une forme de non soivat ou sous la forme d'un soivat avec un solvant 
acceptable en pharmacie. 

Revendications pour I'Etat contractant: AT 
25 1. Precede pour la preparation d'un compose de formuie generale I 



30 



35 



0 

W — P — X — Y — X — COR 2 

I 

OR 1 

ou R 1 est hydrogene, alcoyle ayant 1 a 6 atomes de carbone, 

-CH. 




A ou 



"2 



-0 



dans fesquelles 

A est hydrogene, halogens, hydroxy, nitro, trifiuoromethyle, alcoxy ayant 1 a 6 atomes de carbone, 
40 alcoyle ayant 1 a 6 atomes de carbone, 2- ou 3-thienyfe ou phenyle qui peut Stre substitue par halogene, 
hydroxy, nitro, trifiuoromethyle, alcoxy ayant 1 a 6 atomes de carbone og alcoyle ayant 1 a 6 atomes de 
carbone; 

W est R 1 ou OR 1 ou R 1 est tel que defini ci-dessus; 
X est — <CH 2 ) P — CHR 3 — ou — CHR 3 — (CH 2 ) P — ou 
45 p est 0 ou 1, et 

R 3 est 2- ou 3-thienylmethyle, 3-indolylmethyle, alcoyle ayant 1 a 6 atomes de carbone, cycloalcoyle 
ayant 3 a 7 atomes de carbone, cycloaikylmethyle ayant 4 a 8 atomes de carbone, 



so || ll a ou" CH 2 



dans lesquelles A est tel que defini ci-dessus, 




58 OOOO 

III II 

Y est — MHC—, —CNH—, — NHCNH — , ou — MHC— O- 

Z est o-, m- ou p-ph6nytene, — (CHR 4 ) r - ou [r est 1, 2, 3 ou 4 et R 4 est ind6pendamment choisi parmi 
50 hydrogene, alcoyle ayant 1 a 6 atomes de carbone, hydroxy, alcoxy ayant 1 a 6 atomes de carbone, cyclo- 
alcoyle ayant 3 a 7 atomes de carbone, cycloaikylmethyle ayant4 a 8 atomes de carbone, 3-indoiyimethyie, 
hydroxymethyle, 2-(methyithio) ethyl e, 



55 




II H — -A ou ° 
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dans lesqueiles A esttei que defini ci-dessus] ou — (B) q — B' — B" [ou q est 0 ou 1, I'un des groupes B, B' ou 
B" est 



H 

dans lesqueiles A est tel que defini ci-dessus et B, B' et/ou B" restant est — CH a — J, 
to (aux conditions suivantes: 

0 

' i II 
lorsque W est OR 1 et Y est — NHC— , r peut ne pas etre 1 ; 

15 o 
1 

lorsque Y est — CNH — r ne peut etre 1; 
0 

20 

lorsque Y est — NHC— 

2 peut egalement etre — CR*=CR b — ou R a et R* peuvent etre identiques ou difterents et sont choisis parmi 
hydrogene, alcoyle ayant 1 a 6 atomes de carbone, cycloalcoyle ayant 3 £7 atomes de carbone, cycioalkyl- 
25 methyle ayant 4 k 8 atomes de carbone, 3-indolyimethyle, hydroxymethyle, 2-{methyIthio)ethyle ou, avec 
les atomes de carbone auxqueis ils sont attaches, forment un noyau cycloalkenytene ayant de 5 a 8 atomes 
de carbone; - ; 

R 2 est hydroxy, alcoxy ayant de 1 k 6 atomes de carbone, 

30 -0-{CH 2 ) s (Q) A 

[ou s est 0, 1, 2 ou 3] 

0 

35 „ 

— O— <CR 5 R 6 )0CR 7 

[ou R 5 ,et R G peuvent etre identiques ou different* et sont hydrogene ou alcoyle ayant de 1 a 6 atomes de 
carbone, et R 7 est 

40 



ou alcoyle ayant de 1 k 6 atomes de carbone), 
45 0 

-OCH-C 



50 



55 



-O-CH 2 -CH-CH 2 0H , -OCH 2 -CH-CH 2 
OH i i 

[oil teat 1 ou 2], CH 3 ^ H 3 



-O-(CH 2 ) u 0-f- 




[ou u eat 1 ou 2l, 

so 



55 0 
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ou NR'R 9 ou R a est 



s R e e3t hydrogene ou aJcoyle ayant de 1 a 6 atornes de carbone, et oti A dans ies groupes definis pour R 2 est 
tel que deftni ci-dessus; 

ou bien un sei acceptable en pharmacie, sous forme de solvat ou de non solvat, ledlt procede etant 
caract6rise en ce que 

A) pour produire un compose de formule I dans lequei Y est 
90 0 



:imh— , 

un compose de formule XX est condense avec un compose de formule XXI 

0 0 

ti • n 

W—P— X— COOH + NH a — Z — COR 2 — W — P — X — CONH — Z— COR 2 

1 1 
20 OR' OR' 

XX XXI 

22 B) pour produire un compose de formule I ou Y est 

0 

I 

— NHC — NH — 

3o on fait reagir un compose de formule XXII avec un compose de formule XXIII 
0 0 0 

II 11 II • 

W— P— X— NCO + NH 2 — Z — COR 2 W — P — X — NH C — NH — Z — COR 
35 | I 

OR' OR' 

XXII XXIII 

40 C) pour produire un compost de formule I dans lequei Y est ' 

0 
I 

— NHCO— ; 

46 

on fait reagir un compose de formule XXIV avec un compose de formule XXV 
0 0 0 

o • II II 

W — P — X — NCO + HO — Z — COR 2 — VV — P — X — N CO — Z — COR 2 

50 | | 

OR' OR 1 

XXIV XXV 
D) pour produire un compose de formule I dans lequei Y est 

0 

I 

60 -NHC-, 

on fait reagir un compost de formule XXVI avec un compose de formule XXVII 
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? I It 

wJLx-NH 2 + H0 2 C-2-C0R 2 -> W-P-X-NHC-Z-COff 

OR' ' 0R ' 

XXVI XXVII 

E) pour produire un compost de formule I dans lequel au moins I'un de W, OR 1 ou R a est hydroxy, un 
compose ayant la formule XXVIII 

0 

W' — P — X — Y — 2— COR 2 * XXVIII 

I 

OR" 



dans laquelle 

W est R 1 tel que defini a la revendication 1 ou est un groupe hydroxy estenfie qui peut etre le groups 

20 0R1 - „ ot 
OR" est hydroxy ou un groupe hydroxy esterifie qui peut etre le groupe OR , 

R r est hydroxy, — NR 8 R* tel que defini a la revendication 1, ou un groupe hydroxy estenfie qui peut etre 
un groupe hydroxy esteYifie tel que defini pour R a a la revendication 1, 

au moins I'un de W, OR" ou R 2 ' etant un groupe hydroxy esterifie, est soumis a une reaction de 

25 desesterification par laquelle au moins un groupe hydroxy esterifie W\ OR" ou OR 2 (et essentieiiement 
tout groupe hydroxy estenfie n'etant pas tel que d6fini par W, OR 1 ou R 2 a la revendication 1), est convert! 
en hydroxy afin de produire un compose de formula I dans lequel au moins Tun de W, OR ou R est 
hydroxy; a 

F) pour produire un compose de formule I dans lequel au moins I'un de W f OR ou R est un groupe 

jo hydroxy esterifie, un compose de formule I tel que defini a la revendication 1 , dans lequel au moins I'un du 
groupe W, OR 1 ou R 2 est un groupe hydroxy, est soumis a une reaction d'esterificaiion par laquelle au 
moins I'un de ces groupes est converti en un groupe hydroxy esterifie tel que defini par W, OR 1 ou R a la 
revendication 1, ou, dans les procedes A a F ci-dessus W, X, Y, 2, R 1 et R 2 sortt tels que definis a la 
revendication 1 ettous les groupes fonctionnels sont proteges si necessaire ou souhatte, ledit procede A, B, 

35 C, D, E ou F etant suivi de I'enlevement de tous les groupes protecteurs, si necessaire ou souhaite, du 
compose resultant de formule l et isolement du compose de formule I tei quel ou sous le forme d'un sei 
acceptable en pharmacie, sous une forme de non solvat ou sous la forme d'un soivat avec un solvant 
acceptable en pharmacie. , 

2. Procede tei que defini a (a revendication 1 , caracterise en ce qu'on produit un compose de formule I 

40 tel que defini a la revendication 1 , dans lequel R 1 est hydrogene, methyle, Sthyie, phenyle ou benzyie; R est 
hydroxy, methoxy, ethoxy, phenoxyethyloxy, pivaloyloxymethyloxy, 

— OCH 2 — CH — CH 2 0 H ou — 0CH 2 CH— CH 2 ; 

I 1 ' 

OH 0 0 

45 u >^ 

CH 3 CH 3 

W est hydroxy, ethoxy, methyle ou benzyie; 



X est 



55 -CHjCH- 
ou 

A 1 est hydrogene, phenyle, fiuor, chlore ou trifluoromethyle; 
Y est tel que defini h la revendication 1; et 

2 est p-phenylene, ou — CH 2 CHR 41 — , ou R 41 est hydrogens, hydroxy, methoxy, methyle ou benzyie; 
so ou son sel acceptable en pharmacie, sous forme de soivat ou de non solvat 

3. Procede tei que defini a la revendication 2, caracterise en ce qu'on produit un compose de formule I 
tei que defini h la revendication 2, darts lequel R 1 est hydrogene; R 2 est hydroxy, methoxy, ethoxy, 
phenoxyethyloxy, pivaloyloxymethoxy, 

68 
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— OCH 2 CHCH 2 OH ou — OCH^ CH- 



■CH 2 ; 



OH 




CH 3 



W est hydroxy; 



X est 




OU 



est tef que defini a la revendication 2; 



0 



Yest — CHN— ;. et 



Z est phenylene ou — CH 2 CHR 41 — ou R 41 est tel que defini a la revendication 2; 
ou son sel. acceptable en pharmacie, sous forme de soivat ou de non solvat 

4. Precede tei que defini a ia revendication 1, ou on produit un compose ayant Y = — CQNH — c' 

dire 

N-[1-oxo-3-phenyl-2-(phosphonomethyi)propylJ-P-alanine f 

Ester ethylique de N-d-oxo-a-phenyl-Z-lphosphonomethyOpropyll-P-aianine, 

N^3-(1J'-biphenyi-4-yl-1-oxo-2-{phosphonomethyi)propyl]-p-alanine, 

N43-(^hioro)phenYl-1-oxo-2-(phosphonqmethy!)propylj-P-alanine f 

Ester ethylique de N-[3-(4^hloro|phenyl-1-oxo-2-(phosphonomethyl)propyll-P-alanine, 

N-{3-{4-fluoro)phenyi-1^3xo-2-(phosphonomethyl)propyl]-0-alanine, 

Acide 3-{3-{1 ,1 '-biphenyi^yl)-1^xo-2-(phosphonomethyl)-propyllamino-2-methylpropanoTque, 

Acids 3-[1<»xo-3-pheny^2-{phosphonomethyl)propyl]-amino-2-methylpropanoTque, 

Acide 3-(3^4<hioro)phenyi-lH3xo-2-{phosphonomethyi)propyl]-amino-2-methy^ 

Acide 3^{4-fluoro)phenyl-1^xo-2^phosphonomethyi)propyi]-amino-2-mBthylpropanoTque, 

Acide4-{1-oxo-3-phenyi-2-{phosphonomethyl)propyI]-amino-butanoTque f 

Acide 4-(1-oxo-3-phenyl-2-(phosphonomethyl)propyl]-amino-ben2oTque, 

N-[1 -oxo-3-phenyl-2-phosphonopropyl]-g-alanine 

N^2^butylhydroxyphosphinyl)methyl-1-oxo-3-phenyipropyl-P-alanine 

Ester Ethylique de N-[2^butYlhydroxYphosphinyl}-metW 

N-n-oxo-2-phosphanomethyl-3-(2-thienyl)propYlM3-alanine- 

N-(1-oxo-2-phosphonomethyl-3-<3-thienyl)propyi]-P-aJanine 

N-{3-{3-indolyl)-1-oxo-2-{phosphonomethy()propyl]-P-alanine 

N-[1-oxo-2-(phosphonomethyl)hexyi]-P-aianine 

N-[3-cyciohexyi-1-oxo-2-(phosphonometriyi)proYl]-P-alanine 

N-[2^ciohexyl-1-oxo«2-{phosphonomethYl)ethyl]-3-aianine x 
N^2^4^hioro)phenYM^xo-2^pho3phonom 

Acide 3-[1<ixo-3-phenyl-2Hphosphonomethyl)propYll-amino-2-hYdroxypropanoTque 
Acide 3-{1-oxo-3-phenyi-2Hphosphono methyl) propyl ]-amino-2-methoxypropanoique 
ph/aloyimethyloxyethyl ester de N-[1-oxo-3-phenyl-2-(phosphonomethyl)propyl]-P-alanine 
2-phenoxyethyl ester de N-{1-oxo-3-phenyi-2-(phosphonomethyl)propyi]-P-aianine 
4-bromophenacyi ester de N-{1-oxo-3-phenyl-2-(phosphonom6thyI)propylJ-p-alanine 
2,3-dihydroxypropyl ester de N-{1-axo-3-phenyl-2-<phasphonom^thyl)propyl]-p-aianine 
2-naphthyioxyethyl ester de N-d-oxo-3-phenYl-2-(phosphonomethyl)propyi]-P-aianine 
Ester phtalidylique de N-(1-oxo-3-pheny(^phosphonomethyl)propyl]-P-aianine 
N-{lKJXo-3^henyi-2^phosphonomethyl)propyi]-P-elanine 2-methylphenyiamide 
2^-isopropylidenegiycerol ester de N-[1-oxo-3-phenyi-{phosphonomethYl)propyl]-P-alanine 
Ester ethylique de I'acide 4-[1-oxo-3-phenyl^pho3phonomethyl)propyl]aminobenzoTque 
N^1^xc-2-phosphonomethyi-3-(4-trrfl^ 
Ester Ethylique de N-[lK)xcK2-phosphonomethYl-3-{4~tr^ 

Ester ethylique de N-(2^n-butoxyhydrpxYpho3phinYl)methYl-1^xo-3-phe^yl-propyli-p-aianine 
Acide 3-{1oxo-3^henyl-2^phosphonomethyl)propyl|-amino-2-hydroxymethylpropano!que 
Acide 3-(lH3XO-3-phenyi-2^phosphonomethYl)propYlj-amino-2-cycio-propylpropanoTque 
Acide 3-(1oxoO-phenyi-2-(phosphonom9ThYl)propYll-amino-2-(cyclopropyl)methyipropanoTque 
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Acide 3-[lKJXO-3-ph6nyi-2-{phosphonomethyl)propyi]-amino-2-<3-indofYl)m6thylprapanoTque 
Acide 3^1-oxo-3-phenyl-2-{phosphonom&hyl)propylH 

Acide 3-[1-oxo-3-phenyi-2-(phospho no methyl) propyl l-amino-2-pheny I pro panoTque 
Acide 3^lK3xo-3-phenyi-2-{phosphonomethyl)pro 

Acide 3-[lK3xo-3-phenyl-2-{phosphonom^hyi)propyi]-amino-2^phenyl)methyipro 
Acide 3^1-oxo-3-phenyl-2^phosphonomethyl)propyI]-amino-2-((4-chloro)phenyl)m 
N-[2-{benzylhydroxyphospninyl)methyl-1-oxo-3-^^ 

Ester ethyiique de N-[2^b6nzylhydroxyphosphinyl)-rn6thyi-1-oxo-3-phenyl-propyl]-p-alanine 
Acide 1-{-oxo-3-phenyl-2-{phosphonomethyl)propyl)-aminomethyl*3Aben^ 
carboxylique 

Acide 1-[2-{1-oxo-3-phe>iyl-2Hphosphonom&hyl)propyl]amm^ 
carboxylique 

Acide 2-[1-oxo-3-phenyl-2-{phosphonomethyl)prop 

Acide 2-[2-{1-oxo-3-pheViyl-2-(phosphonom&hyi)propyl]am 

Acide 3-OH-benzimidazoi-2-yl)-2-[1oxo-3-phenyl-2-(phosphonomethy^ 
propanoique 

Acide 2-<1H-benzimidazoi-2-ylM-[1-oxc-3-phenyl-2-{ph butanoique 
ou un sel acceptable en pharmacie de ce qui precede, sous forme de so I vat ou de non solvat. 

5. Procede tel que defini a la revendication 1 od on produit des composes ayant Y « — NHCO— c'est-a- 

dire 

Acide 3-oxo-3-[2-phenyl-l-(phosphonomethyI)etriyi]-anriinopropanoique 
Acide 4-oxo-4-{2-phenyl-1-{phosphonomethyl (ethyl j-aminobutanoTque 
Acide 4KJXo^{2-phenyM-(phosphonomethylte^ 
Acide 4-oxo^[2-phenyl-1-(phosphonome^hYl}ethyl]-aminc»E-2-butenoi^ 
Acide 4-oxo-4-{2-<1 ,T'-biphenyl-4-yl)-1-(phosphonomethyl)ethyl) aminobutanoTque 
Acide 4-oxo^[2^4-fluoro)phenyi]-V{phosphonomethyl)6thyl]aminobutanoique 
Adde4-{[2-ph^nyl-1-{phosphonomethyl)ethyi)aminocarbonyl]-benzoTque 
Acide 3-i[2-phenyl-1-{phosphonomethyi)ethyl]aminocarbonyl]benzoTque r ou 
Acide 2-[[2^henyM-(phosphonomethyl)&r^^^ 
ou un sel acceptable en pharmacie de Tun de ceux qui precedent sous forme de solvat ou de non solvat 

6. Procede tel que de*fini a la revendication 1, ou on produit des composes ayant Y ■ — NHCONH — 
c'est-a-dire 

N-t2-ph6nYl-Hphosphonomethyl)ethylaminocarbonyi]giycine 
N-[2-phenyl-Hphosphonomethyl)ethylaminocarbonyllalanine 
N-[2-phenyl-1-(phosphonomithyl)6thylaminocarbonyi]-p-aianine 
N-[2-phenyi-1-(phosphonomBthyl)ethyIaminocarbonyl]phenylaianine 
Acide ^2-phenyl-1H[phosphonomethyl)ethyiaminocarbonylIaminobenzoTque 
ou un sel acceptable en pharmacie de Tun de ceux qui precedent, sous forme de solvat ou de non soivat. 

7. Procede tel que defini a la revendication 1, ou on produit des composes ayant Y - — NHCOO— c'est- 
a-dire 

Acide 2-[2-phenyl-1 -{phosphonom§thyl)ethyl|aminocarbonyloxy-acetique # 
Acide 2-[2-phenyl-1-(phosphonomethy0ethyllaminocarbonyloxypropano7que, 
Acide 3-[2-phenyM (phosphonomethyl)6thyl]aminocarbonyloxy-propanoTque, 
ou un sel acceptable en pharmacie de Tun de ceux qui precedent, sous forme de soivat ou de non solvat 

8. Procede pour la preparation d'une composition pharmaceutique, caracterise en ce qu'un compose 
de la formule I tel que defini seion I'une des revendi cations preced antes, ou son sel acceptable en 
pharmacie sous forme de soivat ou de non soivat est melange a un vehicule ou excipient acceptable en 
Pharmacia. 

9. Procede pour la preparation d'une composition pharmaceutique, caracteris6 en ce qu'un compose^ 
de formuie I ou son sel acceptable en pharmacie, sous forme de solvat ou da non soivat, prepare* par le 
procede selon I'une des revindications 1 a 7, est melange avec un vehicule ou excipient acceptable en 
pharmacie. 
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